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PREFACE 


7 
NEW EDITION. 


—— 


By VIEW of the present edition of these * Fragments,’ 

I have carefully re-examined, recast, and to some ex- 
tent remodelled them, adding some new ones to those 
published in former editions. 


In regard to style they are as clear and simple as 
I could make them. In regard to matter my desire has 
been that they should utter nothing base. 
Jonn Trxpatn. 
Arama Cros: Marek 24, 1976, 
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THE FIRST EDITION. 





MOTIVE in writing these papers was mainly that 

which prompted the publication of my Royal Insti- 
tution lectures; a desire, namely, to extend sympathy for 
sclenee beyond the limita of the scientific public. 

I have carefully looked over all the articles here 
printed, added a little, omitted a little—in fact, tried as 
fur a8 my time permitted to render the work presentable. 
Most of the essays are of a purely scientific character ; and 
from thors which are not, I have endeavoured, without 
veiling my convictions, to exclude every word that could 
cause needless irritation. 

From America came the impulse which induced me to 
gather these ‘Fragments’ together, and to my friends in 
the United States I dedicate them. 


Jom Trxpats. 


Avamsxcu Cire: March 1871, 
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THE OPTICAL CONDITION OF THE ATMOSPHERE, 
IN IT8 BEARINGS ON PUTREFACTION AND IN- 
FECTION: 


N enquiry into the decomposition of vapours by light, 
begun in 1868 and continued in 1869, in which it 
was necessary to employ optically pure air, led me to ex- 
periment on the floating matter of the atmosphere. A 
brief section of a paper published in the ‘Philosophical 
‘Transactions’ for 1870 is devoted to this subject. 

I at that time found that London air, which is 
always thick with motes, and also with matter too fine 
to be described as motes, after it had been filtered by 
passing it through densely packed cotton-wool, or calcined 
by passing it through a red-hot platinum tube containing 
a bundle of red-hot platinum wires, or by carefully lead- 
ing it over the top of a spirit-lamp flame, showed, when 
examined by a concentrated luminous beam, no trace 
of mechanically suspended matter. The particular por- 
tion of space occupied by such a beam was not to be dis- 
tinguished from adjacent space. 

‘The purely gaseous portion of our atmosphere was 
thus shown to be incompetent to scatter light. 


1 Ihave held back the publication of this edition of the ‘ Fragments,’ * 
so as to embrace among them some account of this investigation, The 
Previous completion of the rest of the volume has rendered the seperste 
Paging of this chapter necessary, 
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T subsequently found that, to render the air thus 
optically pure, it was only necessary to leave it to itself 
for a sufficient timo in a closed chamber, or in a suitably 
closed vessel. The floating matter gradually attached 
itself to the surrounding surfaces, leaving behind it air 
possessing no scattering power. Sent through such air, 
the most concentrated beam failed to render its track 
visible. 

The parallelism of these results with those obtained 
in the excellent researches of Schwann, Schroeder and 
Dnsch, Schroeder himself, and of the illustrious Pasteur, 
fn regard to the question of ‘spontaneous generation,’ 
caused me to conclude that, the power of seattering light 
aud the power of producing life by the air would be found 
to go hand-in-hand. 

‘This conclusion was strengthened by an experiment 
easily made and of high significance in relation to this 
question. It had been pointed out by Professor Lister, 
of Edinburgh, that air which has passed through the 
lungs is known to have lost its power of causing putre- 
faction. Such air may mix freely with the blood without 
risk of mischief; and that truly great seientifie surgeon 
had the penetration to ascribe this immunity from danger 
to the filtering power of the lungs. Prior to my becomn~ 
ing acquainted with this hypothesis in 1869, I had virtually 
demonstrated ite necuracy in the following way: 

Condensing in a dark room, and in dusty air, a power- 
ful beam of light, and breathing through a glass tube 
(the tubo actually employed was a lamp-glass, rendered 
warm ina flame to prevent precipitation) across the focus, 
= diminution of the scattered light was first observed. 
But towards the end of the expiration the white track 
of the benm was broken by a perfectly black gap, the 
bisekness being due to the total absence from the ox- 
pired air of any matter competent to scatter light. The 
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Vacher reply that, notwithstanding ‘an almost incaleu- 
lnble amount af patient labour, the actual results obtained, 
especially as regards the manner of generation of con= 
tagium, have been most dimppointing. Observers ure 
even yot at variance whether these minute particles, whose 
discovery we have just noti¢ed, and other disease germs, 
are always produced from like bodies previously existing, 
or whether they do not, under certain favourable condi-~ 
tions, spring into existence de now. 

With a view to the possible diminution of the uncer- 
tainty thus described, I haye recently submitted to the 
Royal Society, and. more especially to those who study the 
ABtiology of discase, a description of the mode of pro- 
cedure followed in this enquiry, and the results to which 
it has led, 

A number of chambers, or cages, wore constructed, 
each with a glass front, ite top, bottom, back, and sides 
being of wood, At the back is a little door which opens 
und closes on hinges, while into the sides are inserted two 
panes of glass, facing each other. ‘The top is perforated 
in the middle by a hole 2 inches in diameter, closed air= 
tight by a sheet of indin-rubber. This sheet is pierced in 
the middle by a pin, and through the pin-hole is passed 
the stiank of a long pipette ending above in a small 
funnel. A circular tin collar, 2 inches in diameter and 
1} inch deep, surrounda the pipette, the space between 
both being packed with cotton-wool moistened by. gly 
cerine, Thus the pipette, in moving up and down, is not 
only firmly clasped by the india-rubber, but it also passes 
through a stuffing-box of sticky eotton-wool. The width 
of the aperture closed by the india-rubber secures the 
free Interal play of the lower end of the pipette. Into 
two other emaller apertures in the top of the chamber are 
inserted, air-tight, the open ends of two narrow tubes, 
Intended to connect the interior space with the atmo- 
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ammonia, aqueous vapour, and all the other gaseous 
matters which mingle more or less with the air of a great 
elty. We have them, moreover, ‘untortured’ by calci- 
nation and unchanged even by filtration or 

ofany kind, The question now before us ja, Can air thus 
retaining all its gaseous mixturos, but self-cleansed from 
mechanically suspended matter, produce putrefaction in 
organic infusions freely exposed to its action? To this 
question both the animal and vegetable worlds return a 
decided negative. 

Among vegetables experiments have been made with 
hay, turnips, tea, coffee, hops, repeated in various ways 
with both acid and alkaline infusions, Among animal 
substances are to be mentioned many experiments with 
urine; while beef, mutton, hare, rabbit, kidney, liver, 
fowl, pheasant, grouse, haddock, sole, salmon, cod, turbot, 
mullet, herring, whiting, eel, oyster have been all subjected 
to te 

‘The result is that infusions of these substances exposed 
_ to the common air of the Royal Institution laboratory, 

maintained at a temperature of from 60° to 70” Fabr., all 
fell into putrefuction in the course of from two to four 
days. No matter where the infusions were placod, they 
were infallibly smitten in the end. The number of the 
tubes containing infusions was multiplied till it renched 
six hundred, but not one ot them escaped infection. 

Tn no single instance, on the other hand, did the air, 
which had been proved moteless by the searching beam, 
even when raised to over 90°, manifest the least power of 
producing Bacterial life or the associated phenomena of 
putrefaction. ‘Tho power of developing such life in atmo- 
spheric air, and the power of scattering light, are thus 
proved to be indissolubly united. 

The sole condition necessary to cause these long-_ 
dormant infusions to swarm with active life is the acosas of 











‘Now the existence of these particles, forcign to 
atmosphere but floating in it, ie as certain as if they: 
be felt between the fingers or seen by the naked 
Supposing them to augment in magnitude until 






range of the unaided senses, Let it be assumed that 
knowledge of them undor these circumstances remains as 
defeetive as it is now—that we do not know whether they 
are germs, particles of dead organic dust, or particles of 
mineral matter. Suppose a vessel (eay a flower-pot) to 
‘be at hand filled with nutritious earth, with which we 
mix our unknown particles; and that in forty-eight hours 
subsequently buds and blades of well-defined creses and 
grasses appear above the soil. Suppose the 
when repeated over and over again to yield the same un- 
varying result. What would be our conclusion? Should 
we regard those living plants os the products of dead dust 
or mineral particles, or should we regurd them na the off- 
spring of living seeds? Tho roply is unavoidatie. We 
should undoubtedly consider the experiment with the 
flower-pot as clearing up onr pre-existing ignorance; we 
should regard the fact of their producing creases and 
grasses as proof positive that the particles sown in the 
‘earth of the pot were the seeds of the plants which have 
grown from thom. It would be simply monstrous to 
conclude that they had been * spontaneously generated.” 
‘Thia reasoning applies word for word to the 
mont of Basteria from that floating matter which the 
electric beam roveals in the air, and in the absence of 
which no Bacterial life has been genorated. There seems 
no flaw in this reasoning ; and it is so simple as to render 
it unlikely that the notion of Bacterial life developed 





has invaded the limpidity of the infusions exposed to. 
while twelve similar tubes placed outside have fallen it 
Tottenness, 

‘The experiments with calcined air took another 
Six years ago I found that, to render the laboratory 
free from floating matter, it was only necessary to 
a platinum wire heated to whiteness to act upon it for 
sufficient time. Shades, containing pear juice, damson 
juice, infusions of bay and turnip, and water of yeast, were 
freed from their floating matter in this way. The 
sions were subsequently boiled and permitted to remain 
in contact with the caleined air. They are quite clear 
the present hour, while the same infusions exposed 
common air became mouldy and rotten long ago. 

It has been affirmed by other writers on this question 
that turnip- and hay-infusions condered slightly alkaline 
are particularly prone to exhibit the phenomena of spon< 
taneous generation. This was not found to be the ease 
in the present investigation. Many such infusions have 
been prepared, and they have continued for months with- 
out sensible alteration, 

Finally, with regard to infusions wholly withdrawn 
from air, a group of test-tubes, containing different infue — 
sion, was boiled under a bell-jar first filled with filtered — 
air, and from which the air was subsequently removed a3 
far as possible by a good air-pump, They are now as 
pellucid as they were at the time of their preparation — 
more than three months ago, while a group of correspond= 
ing tubes exposed to the laboratory air have all fallen 
into rottenness. rad | 

‘There is still anothcr form of experiment on which 
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offered the least countenance to the assertion that lig 
within fasks, boiled and hermetically sealed, swarm, 
sequently, more or less plentifully with Bacteria 
allied onganisma. 

‘The evidence furnished by this mass of 
‘that Dr. Bastian must have permitted errors cithor 
proparation or observation to invade his work, is, I 
mit, very strong. But to err is human; and in an 4 
quiry so difficult, and fraught with xuch momentons 
it is not error, but the persistence in error by any of 
for dialectic ends, thut is to be deprecated. Let me 
ubow by one or two illustrations the risks of error 
which I have been exposed. On October 21 I open 
the back-door of a case containing six test-tubes 
with an infusion of turnip which had remained 
eloar for three weeks, while three days sufficed to crow! 
six similar tubos exposed to mote-laden air with Be 
With a small pipette I took specimens from the pellucid 
tubes, and placed them under the microseope. ‘The first 
tube examined showed no signs of life. This was the re- 
sult expected, but I was by no means prepared for the de- 
portment of the second tube. Here the exhibition of life 
was monstrously copious. There were numerous globular 
organisms, which rovolved, rotated, and quivered in the 
moet extraordinary manner. ‘There were aleo numbers of 
lively Bacteria darting to and fro. An experimenter who 
ponders his work and reaches his conclusions slowly, eati= 
not immediately relinquish them ; and in the present in 
stance some time was required to convince me that Thad 
made no mistake. I could find none, and was prepared to 
accept the conclusion that in the boiled infusion, despite 
its clearness, life had appeared. 

But in a protected turnip-infusion, which had been 
examined on October 13, no trace of life could be found. 
In this case perfect transparency was accompanied by an 
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pipette into the water I Jooked’at its point. bi 







galloped and quivered through the field. From one of 
these tiny specks of liquid I obtained an exhibition of lif 
not to be distinguished from that which bad astoni 
me on the 21st. 

Obviously the phenomenon then observed was due to 
the employment of an unclean pipette. Equally obviou: 
is it that in enquiries of this nature the experimenter 
beset with danger, the grossest errors being possible when 
there Is the least lack of care. 

Again, three tubes, containing infusions of turnip, 
and mutton, were boiled on November 2, under a bell 
containing air so carefully filtered that the most searching: 
examination by a concentrated beam failed to reveal a 
particle of floating matter. At the present time every 
one of the tubes ig thick with mycelium and covered wit 
mould. Here surely we have a case of spontaneous ger 
ration. Let us look to its history. 

After the air has been expelled from a boiling liquid 
it is difficult to continue the ebullition without * bump- 
ing. ‘The liquid remains still for intervals and then rises 
with sudden energy. It did e in the case now under 
consideration, and one of the tubes boiled over, the liq 
overspreading the resinous surface in which the bell-jar 
was imbedded. For three weeks the infusions had r= 
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mained perfectly elour. At the end of this time, with a 
‘lew of renewing the air of the jar, it was exhausted, and 
‘refilled by fresh air which bad passed through a plug of 
‘cotton-wool. Ay the air entered, two small spots of peni~ 
cillium, resting on the tiquid which bad boiled over, at- 
tracted attention. Tat once remarked that the experiment 
was a dangerous one, as the entering air would probably 
detach some of tho spores of the ponicillinm and diffuse 
them in the bell-jar. This was, therefore, filled very 
slowly, e a to render the disturbance a minimum, Next 
day, however, a tuft of mycelium was observed at the 
bottom of one of the three tubes, namely that containing 
the hay-infusion. It has by this time grown so as to fill 
a large portion of the tube. For nearly a month longer 
the two tubes containing the turnip- and mutton-infusions 
maintained their transparency unimpaired. Late in De- 
comber the mutton-infusion, which was in dangerous 
proximity to the outer mould, showed a tuft upon its 
surfice. The turnip-infusion continued bright and clear 
for nearly a fortnight longer. The recent cold weather 
caused me to add a third gas-stove to the two which had 
previously warmed the room in which tho experiments aro 
conducted. The warmth played upon one side of the 
hell-jar, cansing currents within it; and the day after the 
lighting of the stove, the turnip-infusion gave birth to « 
tuft of mycelium. In this case the small spots of peni- 
cillium might have readily eseaped attention ; and had 
they done 20, we should have had three cases of * spon- 
ftancous generation’ far more striking than many that 
have been adduced. 

Tn further illustration of the danger incurred in this 
field of enquiry, I many refer to the excollont papor of Dr. 
Roberts on Biogenesis, in the * Philosophical Traneactions 
for 1874.’ Dr. Roberts fills the bulb of an ordinary 
pipette up to about two-thirds of its capacity with the 

2 
















infusion to be examined. In the neck of the 
places a plug of dry cotton-wool. He then her 
geals the neck, and dips the bull into boiling 
hot oil, where he permits it to remain for the: 
time. Here we have no disturbance from ebullitio 
‘no loss by evaporation. The bulb is removed from 
hot water and permitted to cool, Tho sealed end 
neck is then filed off, the cotton-wool alone int 
between the infusion and the atmosphere. 

‘The arrangement is beautiful, but it has one 
point. Cotton-wool free from germs is not to be found, 
and the plug employed by Dr, Roberts infallibly cont 
them. In the gentle movement of the air to and 
the temperature changed, or by any shock, jar, or moti 
to which the pipette might be subjected, we have 
tainly a cause sufficient to detach a germ now and 
from the cotton-wool which, falling into the infi 
would produce its offect. Probubly also condensation 
curred at times in the neck of the pipette, the water of 
condensation carrying back from the cotton-wool the: 
of life, The fact of fortilisntion being 80 rare, aa Dr 
Roberts found it to be, is a proof of the care with wl 
his experiments were conducted, But he did find cases 
fertilization after prolonged exposure to the boiling 
perature; and this caused him to come to the o 
that under certain rare conditions spontancous ge 
may ocour. He also found that an alkalised hay-int 
was 80 difficult to sterilise that it wax capable of witl 
standing the boiling temperature for hours without lo 
its power of generating life. Careful experiments 
been made with this infusion. Dr. Roberts is certainly 
correct in assigning to it superior nutritive 
in the present enquiry five minutes? bolling entioonlias 
completely etorilise the liquid. 

{ shall hardly be charged with any desire to limit | b 
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power and potency of matter in regard to life, On this 
point T have already expressed myself in a manner not to 
be mistaken. But, holding the notions [ do, it is all 
the more incumbent on me to affirm that, as far as en- 


With regard to the general diffusion of germs in the 
atmosphere, the notions entertained by distinguished 
writers rendored it desirable to place the point beyond 
question. At Down, Mr. Darwin and Mr. Francis Darwin; 
at High Elms, Sir John Lubbock ; at Sherwood, noar Tun- 
bridge Wells, Mr. Siewens; at Pembroke Lodge, Rich 
mond Park, Mr. Rollo Russell ; at Heathfield Park, Miss 
Hamilton ; at Greenwich Hospital, Mr. Hirst; at Kew, Dr. 
Hooker; and at the Crystal Palace, Mr. Price kindly took 
charge of infuzions, every one of which was invaded, many 
by astounding swarme of organisms. 

To obtain more definite insight regarding the diffusion 
of atmospheric germs a square wooden tray was piercod with 
100 holes, into each of which was dropped a short test-tube. 
On October 23 thirty of these tubes were filled with an 
infusion of bay, thirty-five with an infusion of turnip, and 
thirty-five with an infusion of beef, The tubes with their 
infusions, had been previously boiled, ten at a time,in an 
cil-bath. One hundred circles were marked on paper, vo au 
to form a map of the tray, and every day the stute of each 
tube was registered upon the corresponding circle. Inthe 
following deseription the term ¢ cloudy ' is uved to denote 
the fizst: stage of turbidity, distinct but not strong; the 
term ‘muddy’ is used to denote thick turbidity. 

‘One tube of the hundred was first singled out and ren- 
dered muddy. It belonged to tho beef-group, and it was a 
whole day in advance of all the other tubes. The progress 
‘of putrefaction was first registered on October 26. The 
map" then taken may be thus described : 
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Hay.—Of the thirty specimens exposed one had 
become ‘ muddy "—the seventh in the middle row reckon 
ing from the side of the tray nearest a stove. Six tubes 
remained perfectly clear between this muddy one and the 
stove, proving that differences of warmth may be over- 
ridden by other causes. Every one of the other tubes 
containing the hay-infusion showed spots of mould upon 
the clear liquid. 

Turnip—Four of the thirty-five tubes were very 
muddy, two of them being in the row next the stove, one 
four rows distant, and the remaining one seven row 
away. Besides these, six tubes had become clouded 
There was no mould on any of the tubes. 

Beef—One tube of the thirty-five was quite muddy, 
iu the seventh row from the stove. There were three 
cloudy tubes, while seven of them bore spots of mould. 

‘As a general rule, organic infusions exposed to the air 
during the autumn remained for two days or more 
perfectly clear. Doubtless from the first germs fell into 
them, but they required time to be hatched. This period 
of clearness may be called the ‘period of latency,’ and 
indeed it exactly corresponds with what is understood by 
this term in medicine. Towards the end of the period of 
latency the fall into a state of disease is comparatively 
sudden; the infusion passing from perfect clearness to 
cloudiness more or less dense in a few hours. 

Thus the tube placed in Mr. Darwin’s possession was 
clear at 8.30 a.m. on October 19, and cloudy at 4.30 Pm. 
Seven hours, moreover, after the first record of our tray 
of tubes, a marked change had occurred. Instead of one, 
eight of the tubes containing hay-infusion had fallen into 
uniform muddiness. Twenty others had produced Bac- 
terial slime, which bad sunk to the bottom, every tube 
containing the slime being covered by mould. Three 
tubes only remained clear, but with mould upon their 
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warfaces. The muddy turnip-tubes had increased from 
four to ten; seven tubes were clouded, while eighteen of 
them remained clear, with here and there a speck of 
mond on the surfkee. Of the beef, six were cloudy and 
oné thickly muddy, while spots of mould had formed in 
the majority of the remaining tubes. Fifteen hours sub= 
wequent to this observation, viz. on the morning of 
October 27, all the tubes containing bay-infusion were 
mnitten, though in different degrees, some of them being 
much more turbid than others. Of the tumip-tubes, 
three only remained unsmitten, and two of these had 
mould upon their surfaces. Only one of the thirty-five 
beof-infusion remained intact. A change of occupancy, 
moreover, bad occurred in the tube which first gave way. 
Ite muddiness remained grey for a day and a half, then it 
changed to bright yellow green, and it maintained this 
colour to the end. On the 27th every tube of the hun- 
dred was smitten, the majority with uniform turbidity ; 
some, however, with mould above and slime below, the 
intermediate liquid being tolerably clear. The whole 
process bore a striking resemblance to the propagation of 
a plague among a population, theattacks being successive, 
and of different degroes of virulence. 

From the irregular manner in which the tubes are 
infected we may infor that, as regurds guandily, the 
distribution of the germs in the air is nct uniform. The 
singling out, moreover, of one tube of the hundred by 
the particular Bacteria that develop a green pigment, 
shows that, as regards quality, the distribution is not 
uniform. ‘The samo absence of uniformity wus manifested 
in the struggle for existence between the Bacteria and 
the penicillinm. In some tubes the former were tri- 
umphant; in other tubes, of the same infusion, the latter 
was triumphant. It would seem also os if a want of 
uniformity as regards ertal vigour prevailed. With the 
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velfsame infusion the motions of the Bacteria in some 
tubes were exceedingly languid, while in other tubes they 
resembled a rain of projectiles, being s0 rapid and violent 
as to be followed with difficulty by the eye. Reflecting 
on the whole of this, I conclude that the germs float 
through the atmosphere in groups or clouds, with spaces 
more sparsely filled between them. The touching of a 
uutritive uid by a Bseterial cloud would naturally 
have a different effect from the touching of it by the 
interspace between two clouds, But as, in the case of a 
mottled sky, the various portions of the landscape are 
wtieooniy sited by shade, so, in the long ran, were 
the Various tubes of the tray touched by the Bacterial 
la, the fiual fertilisation or infection of them all 
< the consequence. These results connect themselves 
with the experiments of Pasteur on the non-continuity of 
tho cwuse of socalled spontaneous generation, and with 
uthor experiments of my own! 

Ou November 9 a sevond tray, containing 100 tubes 
till with an infusion of mutton, was exposed to 
(ho ai, Ou the moruiug of the 11th six of the ten 
Wwatoat the stove had given way to putrefaction, Three 
ut Uli iow imest distae from the stove had yielded, 
whils hors aud there over the tray particular tubes 
wor atuglad out aud smitten by the infection. Of the 
wholes Gay of LOO) tubes, twenty-geven were either 
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muddy or cloudy on the 11th. ‘Thus, doubtless, in a con- 
tagious atmosphere, are individuals successively struck 
down. Qn the 12th all the tubes had given way, but the 
differences in their contents were extraordinary. All of 
them contained Bacteria, some few, others in swarms. 
fn some tubes they were slow and sickly in their motions, 
in some apparently dead, while in others thoy darted 
about with rampant vigour. Those differences are to be 
referred to differences in the germinal matter, for the 
same infusion was presented everywhere to theair. Here 
also we have a picture of what oecurs during an epidemic, 
the difference in number and energy of the Bacterial 
swarms resembling the varying intensity of the disease. 
Tt becomes obyious from these experiments that of two 
individuals of the same population, exposed to a conta- 

ious atmosphere, the one may be severely, the other 
Tightly attacked, though the two individuals may be as 
identical as regards susceptibility as two samples of one 
and the same mutton-infusion. Experiments with other 
trays are described in the full account of this investigation, 
and calculations ure made which prove the error of the 
assertion that the germs are but scantily distributed 
throngh the air. There are billions of them in every 
ordinary London room. 

‘The parallelism of these actions with the progress of 
infectious diseases may be traced still further. The 
*Times’ of January 17 contained a letter on typhoid 
fever, signed ‘M.D.; in which occurred the following 
remarkable statement: In ono part of it [Edinburgh], 

together and inhabited by the lowest of the 
there are, according to the Corporation return 
for 1874, no lest than 14,319 houses or dwellings—many 
under one roof, on the ‘flat’ system—in which there 
are no house connections whatever with the street sewers, 
aud, consequently, no water-closets. To this day, there- 
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fore, all the excrementitious and other refuse of the in- 
habitants is collected in pails or pana, und remaina in their 
midst, generally in a partitioned-off corner of the 

room, until the next day, when it is taken down ta 

strocts and emptied into the Corporation carts. Drunken 
and yicious though the population be, herded together 
like sheep, and with the filth collected and kept for twenty: 
four hours in their very midst, it is a remarkable fact that 
typhoid fever and diphtheria are simply unknown im 
theee wretched hovels.” 

This case has its annlogue in the following experi- 
ment, which is representative of a class: On November 
30 a quantity of animal refuse, embracing eek 
fish, rabbit, hare, was placed in two lange test-tubes 
opening into a protecting-chamber containing six tubes, 
On December 15, when the refuse was in a state of 
noisome putrefuetion, infusions of whiting, turnip, beef 
and mutton were placed in the other four tubes. They 
were boiled and abandoned to the action of the foul * sewer 
gas’ emitted by their two putrid companions. On 
Christmas-day these four infusions wore limpid. The 
end of the pipette was then dipped into one of the putrid 
tubes, and » quantity of matter, comparable in smallness 
to the poek-lymph, held on the point of a Iancet, was 
transferred to the turnip. Its clearness was not sensibly 
affected at the time; but on the following day it wns 
turbid throughout, On the 27th a speck from the in- 
fected turnip was transferred to the whiting; on the 
28th disease had taken entire possession of the whiting. 
To the present hour the beef- and mutton-tubes remain ag 
limpid as distilled water. Just as in the case of the 
living men and women in Edinburgh, no amount of 
fetid gas had the power of propagating the plugue as lang 
as the organisms which constitute the true contagium did 
not gain access to the infusions, 
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exceptional, and no amount of searching with the anicro- 
seope sufficed to reveal in it, at first, the trace of a living 
Bacterium; still germs were there which, suitably 
nourished, passed in a single day into Bacterial swarms 
without number.! Five days did not snffce to 

an effect approximately equal to this in the boiled tabe, 
which was uninfected but exposed to the coumon labore 
tory air. 

There cannot, moreover, be a doubt that the germs in 
the air differ widely among themselves as regards pre 
paredness for development. Some are fresh, others old; 
some are dry, others moist. Infected by euch germs, the 
same infusion would require different lengths of time 
to develop Bacterial life, This remark spplies to and 
probably explains the different degrees of rapidity with 
which epidemic disease acts upon different people. In 
some the hatching-period, if it may be called such, i¢ Tong, 
in some short, the differences depending upon the different 
degrees of preparedness of the contagium. 

Such is an outline of tho present enquiry as far as it 
is now complete. It gives me pleasure to refer to the 
untiring patience, the admirable mechanical skill, the 
vorncity in thought, word, and deed displayed throughout 
by my assistant, Mr. John Cottrell, who was zealously 
uided by his junior colleague, Mr. Frank Valter, 





Mr interest in the question of spontaneous generation 
was first excited by the imperishable investigations of 
Pasteur, while the medical bearings of the question were 
subsequently made more and more clear to me, mainly, I 


"The geema aro to be found in the heart of the clearest blocks of 
Norway jee, Such water propaurod by myeelf has beon examined by Des 
Ssuderoon, snd found to bo quite aa infeetious ws ordiunry water, 
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ought to say, by the writings and conversation of Dr. 
William Budd. For more than fifteen years this strong 
and original thinker fought in England an up-hill fight 
in favour of the germ theory of epidemic disease,’ and his 
Jost, intellectual effort, the production of his great work 
on Typhoid Fever, under which, unhappily, his over-active 
mind gave way, consisted in conclusively demonstrating 
both the contagious character and the seat of the con- 
tagium of that disease. The quotation from a letter given 
at page 172 of this volume will show tho clearnces and 
definiteness with which Dr. Budd from the first grasped 
the doctrine of «the vitality of contagia’ which ix now 
everywhere gaining ground. 

Since the time here referred to, able investigators in 
yarious European countries have taken up the question of 
contagium, until at the present moment no other medical 
principle occupies so much thought, or is the subject of 60 
much discussion. * How does ithappen,’ says Dr. Burdon 
Sanderson? * that these Bacteria, which we suppose must 
have existed half-a-dozen years ago in as great numbers 
as at present, were then scarcely heard of, and that they 
How oceupy so large a place in the medical literature of 
this country and of Germany, and have lately afforded 
material for lively discussion in the French Academy ?? 
Dr. Sanderzon pointe out the relation of Lister in England 
and of Hallior in Germany to the movement regarding 
Bacteria which is now working like a ferment through 
the medical world. But to scarcely any other workers are 
‘we more indebted than to Dr. Sanderson and his colleagues, 
for the continued and successful prosecution of researches 
‘bearing upon the pathology of contagion. 

I, this year, took with me to the Alpa the excellent 


+ Sopparted, Lam happy to may, by one eminent authority, Sir Thomas 
Watson, 
4 “British Medical Journal,’ January 16, 1876, 
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reports of the medical officer of the Privy Couneil, 
ther with the asociated memoirs of Dr. Sanderson 


intervals of other work, I read these papers, with the 
interest of one who saw in them the steady growth and 
consolidation of a principle which promises to rescue 
medicine from the reproach of empiricism, to raise it to 
the rank of a true science, and to place those ‘invisible 
foes, as they have been called by the celebrated Cohn, 
which lurk in the air we breathe and in the water we 
drink, within the grasp of the physician. 

A few extracts from the reports with which Mr. John 
Simon prefaces the memoirs of the gentlemen who work 
in his department, will show what important advances 
have been made of late years in our knowledge of the 
cuntagia of infective disease. ‘Ten years ago,’ says Mr. 
Simon, in his report to the Privy Couneil for 1874, ‘ we 
hed not even a beginning of any true insight into the 
respective contagia which excite acute infective diseases ; 
and, considering the large and lasting interest which 
exact studies in this field of scientific research must have 
for the human race, I think the fact noteworthy that the 
first of such studies were instituted and the first stepe of 
discovery made with reference to » contagious fever of 
bored cattle. I refer, namely, to the researches which 
were made under Her Majesty's Government in 1865, in 
aid of the then Cattle-plague Commission; when Dr. Beale, 
working at the microscopy of the disease, drew attention 
to the swarms of extremely minute particles which he 
found universally present in the textures and juices of the 
animals, aud which he believed to be the contagium of 
the disease; and when Dr. Sanderson, working at the 
matter from a different point of view, succeeded in show- 
ing experimentally that the true contagium admits of 
being physically distinguished in the animal juices which 








“Continuation of this line of study in regard 
infections of the living body, is represented in 
two of the appended papers. 

‘Tn the first. paper Dr. Sanderson brings dow 
present time an account of the microphytes of 
setting forth more particularly such positive knowl 
as bad yet boon obtained with regard to the respec 
contugin and respective morbid processes of dip is 
Sere pAladscelepei Severs und mulooli Fever as Aaa 
brand ” of veterinary practice, 

*The second paper reprosents a contribution, to the 
growing modern doctrine of contagion in an exposition by 
Dr. Klein of the intimate nature of the local 
which characterise the acute zymotic disease known as 
Variola Ovina or Sheep=poz. Dr. Klein has been able 
to identify the contagium particles of that infectious fever 
ns definite microphytes growing and frustifying with wast 
rapidity in the canals and tissues of tho infected skin. 
‘The woodcuts of his annexed paper show the process to — 
have been observed by him with a completeness not yet, I 
believe, attained in regurd of any other such case, And 
these results of his, while they complete, as regards the 
special disease in question, the broad pathological outline 
which previous inductions bad rendered probable, must. 
also, I think, be regarded as tending yery importantly to 
confirta, while they illustrate, the gencral doctrine of the 
vitality of contagia.’ 

‘It was with no levity of mind that 1, an outsider, who 
had been drawn by my own experiments in 1868-69 to 
the contemplation of the subject, ventured to range my- 
self on the side of those who then advocated the doctrine 
so clearly enunciated by Mr. Simon, and #0 vastly 
strengthened by the researches conducted under his 
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direction. What was then more or lest the surmise of 
men of genius like Williom Budd, is now being raised 
to the level of demonstration. With increased discipline 
investigation naturally tends to become more detailed 
and spovific, the forecasts of the scientific imagination 
becoming gradually displaced by the solid matter of fact. 
Speaking of the havoc produced by typhoid fover and of 
the contagion to which that fever is dus, Dr. Budd, in his 
celebrated work,! observes: It is humiliating to think 
that Issues such as these should be contingent on the 
powers of an agent so low in the ncale of being that the 
mildew which springs up on decaying wood must be con- 
sidered high in comparison.’ 

In his last report to the Privy Council Mr. Simon was 
able to announce the probable discovery by Dr. Klein of 
the agent here referred to. After passing in review two 
important papers by Professor Burdon Sanderson on the 
*Process of Fever,’ and on the ‘ Experimental Study of 
Tafective Inflammations, Mr, Simon thus refers to Dr. 
Klein’s paper: *The third paper, which is by Dr. Klein, 
gives (as foreshadowed in my Inst report) the oxtremely 
interesting reults of his investigation of the intimate 
anatomy of Enteric Fever ; and Dr. Kloin, who fortunately 
is artist enough to reproduce admimbly with his pencil 
the anatomical appearances which he displays under the 
‘microscope, has here. as on former occasions, illustrated 
his written report with drawings which make the results 
peculiarly clear. 

©The paper haa its distinctive and vary great interost 
in the faet that it purports to deecribe for the first time 
the contagium of enteric fever as something cognisable to 
the eyet in respect of certain multiplying microscopical 
forms, apparently of the lowest vegetable life, which are 

4 * Typhoid Fever; its Nature, Modo of Spreading and Prevention! 


Longmans, 1873, p. 4. 
Sl 
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found im innumerable swarms in the bowel-textures and 
bowel-discharges of the sick ; penetrating from the former — 
to diffuse throughout the patient's general system,' and 
teeming in the latter to represent, as this Maile 
the possible germs of epidemic infection. 

The mowb cursory gianos'east by the acatemiie me 
illustrations of Dr. Klein’s paper will convince him of the 
reality of the facts which Dr. Klein interprets to the 
above effect: and that the interpretation thus assigned 
to the facts ix the one which they must generally receive 
is, I think, an inevitable consequence of the considerations 
which were stated in my last report with general regard 
to agencies of contagion, The enteric fever of man is nob 
yet known to be communicable to any other animal; and 
it has therefore not been possible to perform in relation 
to its supposed contagium such experiments as have been 
made on the lower animals with respect to the contagin 
of somo other diseases. In absence of such experiments, 
the same degree of certainty carmot nt present be ex 
preswed with regard to the contagium of enteric. fover as 
with regard to that (for instance) of sheep-pox: but, 
subject to any correction which expeciment may hereafter 
supply, we may at least accept as approximately proven, 
that the contagium of enteric fever has its essence, or part 
of ite essence, in the microphyte which Dr. Klein has 
discovered; and that here necordingly is a further illus 
tration of the general doctrine which J have noticed on 
many previous occasions, with rogard to the significance 
of specific organic forms in the constitution of specific 





Tn an immediately practical point of view, much 


} Thie reminds ono of the eproadd of Pebrine through the silkworms ex 
perimeuted on by Pasteur. In the ease of the wormm the onganiams first 
tock possession of the intestinal canal, and apread thenco throughout the 
body of the worm. Sco p. 139 of this volume. 
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interest attaches to Dr. Klein’s remark that the micro 
phyte, which he describes in the present paper, closely 
corresponds with that which Professor Cohn, the eminent: 
micro-botanist, deseribed,-under the name of Crenothrix 
polysporn, as found by him “ in the well-water of a certain 
district in Breslau, famous for the frequent occurrence of 
enteric fever among its inhabitants.”" 

Rarely baz the pen of a medical writer produced 
@ paragraph of equal importance to that wherein Mr. 
Simon draws a distinction between the fetid gases and 
stinks arising from animal and vegetable putrefixction, 
and the real contagia concemed in the production and 
propagation of typhoid fever, ‘An important suggestion,’ 
he writes, ‘of modern science, with regard to the nature 
of the operations by which filth, attacking the human 
body, ix able to disorder or destroy it, is, that the chicf 
morhbific agencies in filth are other than those chemically- 
identified stinking gaseous products of organic decomposi- 
tion which force themsclves on popular attcntion.! Ex- 
posure to the sufficiently-concentrated forms of organic 
decomposition (as, for instanes, in an unventilated old 
corspool or long-blocked sewer) may, no doubt, prove 
immediately fatal, by reason of some large quantity of 
sulphide of ammonium, or other like poisonous and fostid 
gue, which the sufferer suddenly inhales; and far smaller 
doses of these fostid gases as breathed with extreme dilu~ 
tion in ordinary stinking atmospheres, both give immediate 
headache and general discomfort to sensitive persons tem~ 
porarily exposod to them, and also appear to keep in a 
somewhat vaguely doprossed state of health many who 
habitually breathe them: but here, eo far as we yet know, 

7 Six years ogo I wrote thus; * Drains and cospools, indeed, aro by no 
‘mouna ia sock evil qloar xs they ured to be. A fetid ‘Thames and a low 
death-mte occur from time 10 timo in London. Fur, if tho special matter oF 
germs of epidemic dixorter be not prasent, a corrupt atinoxphare, however 
obnoxious otherwise, will not produce the disorder.” So p. 144.ofthis walume, 
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is the end of the potency of these stinking gases. While, 
however, thus far there is only the familiar case of the so- 
called common chemical poison, which hurts by instant 
action and in direct proportion t6 its palpable and ponder 
able dose, the other and far wider possibilities of misshief 
which we recognise in filth aro such ag apparently must 
be attributed to morbific ferments or contagia; matters 
which not only are not gaseous, but, on the contrary, so 
far as we know them, sem to have their essenee, or an 
inseparable part of it, in certain solid elements which the 
microscope discovers in them, in living organisms, namely, 
which in their largest sizes are but very minute mierosco- 
pical objects, and at their least sizes are probably unseen 
even with the microscope; organisms which, in virtue of 
their vitality, are indefinitely eelf-rultiplying within 
their respective spheres of operation, and which, therefore, 
asin contrast with common poisons, can develop indefi- 
nitely large ulterior effects from first doses, which are in« 
definitely small." 

Of ferments thus characterised, the apparently essene 
tial fnctors of specific chemical processes, at leas one 
sort—the ordinary soptic ferment—seems always to be 
present where putrefactive changes are in progress, as of 
course in all decaying animal refuse; while others, though 
certainly not essential to all such putridity, are in dif 
ferent degrees apt, snd eome of them little lew than 
certain, to be frequent incidents of our ordinary re- 
fuse, As, apparently, it is by these varions ageneles 
(essential and incidental) that. filth produces * zymotic” 
disease, it is important not to confound them with the 
fostid gases of organic decomposition; and the question, 
what infecting powers are prevalent in given atmospheres 


eo tho parallel save of tho infection of infusions in the firat axticle of 
this volume, p. (28. For an illustration of the power of sulé-multiplication 





>. Ju ailk worn, 200 p, 189, Sev aleo Tistor, p. 148; also pp. 171, 175. 
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should never be regarded as a mere question of stink. It 
isof the utmost practical importance to recognise in regard 
of filth, that agents which destroy its stink may yet leave 
all its main powers of disense-produetion undiminished. 
Whether the ferments of disease, if they could be isolated 
in sufficient quantity, would prove themselves in any 
degree odorous, is u point on which no guess need be 
hazarded; but it is certain that in doses in which they 
can fatally infect the human body they are infinitely out 
of reach of even the most cultivated sense of smell, and 
that this sense (though its positive warnings are of india 
pensablé sanitary service) ix not able, except hy indirect 
and quite insufficient perceptions, to warn us against risks 
of morbid infections. 

“Even as regards the positive notices which we re- 
ceive by the sense of smell with regard to putrefactive 
decomposition, we must not assume that the diffusion and 
potency of septic ferment in the air necessarily go pari 
passu with the diffusion and offensiveness of the fetid 
fines. Witness, on a very large seale, the experience 
of London in the summer of 1858; when, as persons 
who were then frequenting, Westminster may well re 
member, our tidal river, enormously charged with de 
composing sewage, stank week after week in a degree 
which excited much public olarm as to the possible con- 
sequences of the nuisance, and even led to an immediate 
interference of the Legislature; but when, though the 
quantity of sulphuretted hydrogen in the riveratmosphere 
‘was such as rapidly to blacken the ordinary chemical test~ 
papers, as well as to affeet in the same way the lead-paint 
of vessels on tho river, and was enough also to produce 
among persons much engaged on tho river such signs of 
sulphide-poisoning as I haye above mentioned, the par- 
ticular ailments which attest the working of septic ferment 
‘on the homan body were in even less than average preve- 
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lence among the unwilling subjects of this large experi 
ment.’ 


At page 172 of these * Fragments’ I use the following 
lunguage: It hax been said, and it is sure to be repe 
that Dam quitting my métier in speaking of these things. 
Not so. I am dealing with questions on which minds 
accustomed to weigh the value of experimental evidence 
are alone competent to decide, and regarding which minds 
so trained are as capable of forming a correct opinion as 
they are regarding a problem of magnotism, or of radiant 
heat. ‘The germ theory of disease, it has been said, 
‘appertains to the biologist and tho physician :’ granted; 
but not to them alone; for where fs the biologist or 
physician whose researches in connection with this sub- 
jeet could for one instant be compared to those of the 
chemist’ Pasteur? It ix not the philosophic members of 
the medical profession who are likely to be dull to the 
roception of truth because it does not originate within 
the pale of the profession itself. 

Tt was Dr, Bastinn who claimed in the words above 
quoted the gorm theory of disease as the property of the 
biologist and the physician, For six years his claim has 
been conceded to him, and we now see the uso ho has 
made of the concession, But I regret to say, that the 
samo view af the subject has been taken by other very 
distinguished men. Sir William Jenner, for example, in 
his address as President of the Clinical Society, employs 
the following language: ‘I do not say, nor do I think, 
that the arguments and facts able to be adduced in favour 
of the origin de novo of the contagious diseases ars ean= 
elusive; but Ido say thoy are strong enough to make us 
pause before we accept the theary advocated by Dr. Wm. 
Budd, and to which Professor Tyndall bas lent the weight 
of his name—a weight which would, however, be greater 
on the point in question if he had himself etudied the sub- 





FUTREFACTION AND INFECTION. {35 


ject on which he has, Iam sorry to my, addrossed the 
public ina strain calculated to check unprejudiced indi- 
vidual enquiry.” 

The courtesy of Sir William Jonner’s reference en- 
courages me to hope that be will accept my assurunce 
that the part I have publicly taken in reference to Dr, 
Budd was preceded by no small amount of study of the 
question in hand. Dr. Murchison, the most prominent 
Jeader of the party in the medical profession who teach the 
spontaneous ‘ion of infective discases, affirms that 
the contagium of typhoid fever ‘may be generated inde~ 
pendently of a previous cae by fermentation of fireal and 
perhaps other forms of organic matter.’ I think it prob- 
able that the experience of Sir William Jenner, or of Dr. 
Marchison, in regard to fiocal matter, is less than my own, 
For more than twenty years I have annually had occasion 
to obeervo fiecal matter of all kinds seething under a 
summer sun in the villages, hamlets, and chilets ot 
Switzerland, and proving itself utterly incapable of geno- 
rating that: contagium which, secording to Dr. Murchison’ 
teaching, ix @ product of its fermentation. ‘There is but 
one way of getting over the arguments of Dr. Budd, and 
that is—to destroy his facts; for these being granted, his 
conclusions are irresistible, To his facts and reasonings 
are now to be added the whole weight of the researches 
conducted under the auspices of the Privy Council. These 
are dead against the notion favoured by Sir William 
Tenner, and enunciated by Dr. Murchison as ane of the 
leading conclusions in the summary of his learned work on 
“Typhoid Fever.’ I may be permitted to express a doubt 
whether in England a dozen years hence asingle physician 
of their commanding eminence will be found endorsing 
the views which they have thought it their duty to 
enunciate and defend. 

At the end of this volume will be found, with a few 









T commit it, without misgiving, to 5 
future, In reference to my allusion to Dr. Klein, 






‘May 4, 1875, spoke thus: *I believe that Dr. Sand 
himself would be tho first to repudiate any such 
ment, and I think that any one who has listened to 
debate must: be satisfied that such an announcoment 
entirely unwarranted by Dr. Klein's discovery of Baeter 
in connection with the lesions of enteric fever.’ } 
reader must judge between Dr. Murchison and me. The 
warrant for my reference is to be found at pp. [29 [30, — 
and (31, where Mr. Simon's account of Dr. Klein’s die — 
covery is given verbatim. 





















I take this opportunity of notifying my acceptance of 
a correction on a point of history at the hands of my. 
eminent opponent the Reverend James Martineau. It 
has reference to a passage in the ‘ Belfast Address,’ in 
which the relationship of Empedocles to Democritus 
is mentioned. Speaking of a passage from Lange, Mr 
Martineau says: ‘Misled by the order of this pasage, — 
which gives the missing thought after naming the gap 
which it might have filled, Dr. Tyndall has described 
Empedocles as intontionnlly making good a defect in 
Democritus, This is an inversion of the chronology. 
Empedocles preceded Democritus by at least a gener— 
tion, being born about wc. 490 and dying nc. 430, 
whilst, Democritus, whom we find at Thurii, shortly after 
the foundation of the colony, in me. 443, died at a very 
advanced age 3.0, 357.’ A reference to dates in Smith's 
Classical Dictionary’ will show that my mistake was not 
an unnatural onc, 
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THE CONSTITUTION OF NATURE! 
1865, 


cannot think of space as finite, for wherever in 

imagination we erect a boundary, we are compelled 
to think of space as existing beyond it. Thus by the 
incessant dissolution of limits we arrive at s more or less 
adequate idea of the infinity of space. But, though com- 
pelled to think of space as unbounded, there is no mental 
necessity compelling us to think of it either as filled or 
empty; whether it is so or not must be decided by ex- 
periment and observation. That it is not entirely void, the 
starry heavens declare ; but the question still remains, Are 
the stars themselves hung in vacuo? Are the vast regions 
which surround them, and across which their light is pro- 
pagated, absolutely empty? A century ago the answer to 
this question would have been, ‘No, for particles of light 
are incessantly shot through space. The reply of modern 
science is also negative, but on different grounds. It has 
the best possible reasons for rejecting the idea of lumi- 
niferous particles; but, in support of the conclusion that 
the celestial spaces are occupied by matter, it is able to 
offer proofs almost as cogent as those which can be adduced 

1 + Portaightly Reriow,’ vo. iii. p. 129, 
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played in the air, they ascended to the phenomena of light, 
as dixplayed in the arther; which is the name given te 
‘the interstellar medium. 

The notion of this medium must not be considered at 
@ vague or fanciful conception on the part of scientific 
mon, Of its reality most cf them are as convinced a 
they are of the existence of the sun and moon, The 
luminiferous acther has dofinite mechanical properties. It 
is almost: infinitely more attenuated than any known gas 
but its properties are those of a solid rather than of a gam 
Tt resembles jelly rather than air. A body thus consti 
tuted may have its boundaries; but, although the aether 
may not be co-extensive with space, it must at all events 
extend as far as tho moet distant visible etara, In faet it 
ie the vehicle of their light, and without it they could 


not bo sen. ‘This all-pervading substance takes up a 





molecular tremors, and conveys them with 

rapidity to our organs of vision. Tt is the 

shiver of bodies countless millions of miles distant, which 
translates itself in human consciousness into the splendour 
of the firmament at night. 

If the acther have a boundary, masics of ponderblo 
matter might be conceived to exist beyond it, but they 
could emit no light, Beyond the aether dark eune might 
burn ; there, under proper conditions, combustion mij 
be carried on; fuel might consume umseen, and metals be 
fused in invisible fires. A body, moreover, once heated 
there, would continue for ever heated ; a sun or planet 
onee molten, would continue for ever molten. For, the 
lest of heat being simply the abstraction of molecular 
motion by the acthor, where this medium is absent no 





‘cooling could occur. A eentient being on approaching a 
heated body in this region, would be conscious of no 

of temperature, The gradations of warmth 
dependent on the laws of radiation would not exist, and 
actual contact would firs; reveal the heat of an extra 
aethereal sun. 

Imagine a paddle-wheel placed in water and cnused to 
rotate. From it, as a contro, waves would issue in all 
directions, and a wader az he approached the place of 
disturbance would be met by stronger and stronger waves. 
‘This gradual augmentation of the impression made upon 
the wader’s body is exactly analogous to the augmentation 
of light when we approach # luminous source. In the one 
case, however, the coarse common nerves of the body 
suffice; for the other we must have the finer optic nerve. 
Bat suppose the water withdrawn ; the action at a distance 
would then cease, and, as far ag the senso of touch is con- 
cerned, the wader would be first rendered conscious of the 
motion of the wheel by the blow of the paddles. The 
transference of motion from the paddles to the water ix 
mechanically similar to the transference of molecular 
motion from the heated body to the aether; and the pro- 
pagation of waves through the liquid is mechanically 
similar to the propagation of light and radiant heat. 

As far az our knowledge of space extends, we are to 
conceive it as the holder of the luminiferous acther, 
through which are interspersed, at enormous distances 
‘part, the ponderous nuclei of the stars. Associated with 
the star that most concerns us wo have a group of dark 
phinetary mawes revolving at various distances round it, 
‘each again rotating on its own axis; and, finally, asso~ 
cintod with some of these planota wo have dark bodies of 
minor note—the moons. Whether the other fixed stars 
have similar planotary companions or not ie to uw a 
‘matter of pure conjecture, whieh may or may not enter 
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inte our conception of the universe. 
thoughtful person believes, with regard to those 
suns, that there is, in space, something besides our 
on which they chine. 
From thie general view of the present condition af 
space, and of the bodies contained in it, we pass to the 
enquiry whether things were so created at the 
‘Was space furnished at once, by the fiat of Omni; 
with these burning orbs? To this question the man 
science, if he confine himself within his own limits, will 
give no answer. It must, however, be remarked that in 
the formation of an opinion he bas better materials to 
guide him than anybody else. He can clearly show that 
the present. state of things may be derivative. He em 
even assign reasons which render probable its derivative 
origin—that it was not originally what it now ia, Atal 
events, he can prove that out of common non-Lumineus 
matter this whole pomp of stars might have been evolred. 
The law of gravitation enunciated by Newton is, that 
every particle of matter in the universe attmcts every 
other particle with a force which diminishes as the square 
of the distance increases. Thus the sun and the earth 
mutually pull each other; thus the carth and the meen 
aro kept in company; tho force which holds every re 
speetive pair of masses together being the integrated fore 
of their component parts. Under the operation of this 
force a stone falls to the ground and is warmed by the 
shock; under its operation meteors plunge into our atmos 
sphere and rise to incandescence. Showers of such doubt- 
less fall incessantly upon the sun. Acted on by this 
force, were it stopped in its orbit to-morrow, the earth 
would rush towards, and finally combine with, the sun. 
Heat would also be developed by this collision, and Mayer, 
Helmholtz, and Thomson have calculated its amount. It 
would equal that prodused by the combustion of more 
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than 5,000 worlds of solid coal, all this heat being gene- 
mited at the instant of collision. In the uttraction of 
gravity, therefore, acting upon non-luminous matter, we 
have a cource of heat more powerful than could be derived 
from any terrestrial combustion. And were the matter of 
the universe thrown in cold detached fragments into space, 
and there whandoned to the mutual gravitation of ita own 
Parts, the collision of the fragmenta would in the end pro- 
duce the fires of the stars. 

‘The setion of gravity upon matter originally cold may, 
in fact, be the origin of all light and hext, and also the 
proximate souree of such other powers as are generated by 
light and heat. But we have now to enquire what is the 
light and what is the heat thus produced? This question 
has already been answered in a general way. Both light 
and heat are modes of motion. ‘T'wo planets clagh and come 
to rest; their motion, considered ns that of massos, is 
destroyed, but it is really continued as a motion of their 
ultimate particles. Tt is this latter motion, taken up by 
the ‘aether, and propagated through fit with a velocity of 
186,000 miles a second, that comes to us as the light and 
Meat of suns and stars. The atoms of a hot body swing 
with inconceivable rapidity ; but this power of vibration 

‘implies the operntion of forces between the 
atoms themselves, It reveals to ua that while they are 
held together by one force, thoy aro kept asunder by 
another, their position at any moment depending on the 
equilibrium of attraction and repulsion. The atoms are 
virtually connected by elastic springs, which oppose at 
the sanie time their approach and their retreat, bat which 
tolerate the vibration called heat, The molecular vibration 
‘onde sot up is instantly shared with the acther, and diffused 
by it throughout space. 

‘We on the earth’s gurface live night and day in the 
midst of avthereu! commotion, The medium is never wi\. 















The cloud canopy above us may be thick enough to shed}, 
out the light of the stars ; but this canopy fs itself 4 warm 
body, which mdistes its motion through tho aether. 
The carth also is warm, and sends its heat~pulses incer 
fantly forth. It is the waste of its molecular motion in 
space thst chills the earth upon a clear night; it ix the 
return of its motion from the clouds which prevents thr 
earth's temperature, on a cloudy night, from falling 
low. To the conception of space being filled, we must 
therefore add the conception of its being in a state of 
incessant tremor, 

‘The sources of this vibration are the ponderable masses 
of the universe, Lot us take a sample of these and ex 
amine it in detail. When we look te our planet, we find 
it to be an aggregate of solids, liquids, and gases. When 
we look nt any one of these, we generally find it composed 
of still more elementary parts, We learn, for example, 
that the water of our rivers is formed by the union, in 
definite proportions, of two gases, oxygen and hydrogen. 
We know how to bring theee constituents together, #> as 
to form water: wo also know how to analyse the water, 
and recover from it its two constituents. So, likewise, as 
regards the solid proportions of the earth. Our chalk 
hills, for example, are formed by a combination of earbon, 
oxygen, and calejum. ‘These are elements the nnion of 
which, in definite proportions, has resulted in the forma- 
tion of chalk. ‘The flints within the chalk we know to be 
a compound of oxygen and silicium, called silica; and our 
ordinary clay is, for the most part, formed by the union 
of silicium, oxygen, and the well-known light motal, ala- 
minium. By far the greater portion of the earth's crust 
is compounded of the elementary substances mentioned in 
these few lines. 

‘Tho principle of gravitation has been alrendy deseribedt 
as an attraction which every particle of matter, howerer 









10 FRAGMENTS OF SOTENOE. 
hest, and from the amount of heat generated we exn infer 
the intensity of the atomic pull. Measured by ordinary 
mechanical standards, this is enormous. Mix eight pounds 
of oxygen with one of hydrogen, and pass a spark through 
the mixture; the gases instantly combine, their atoms 
rushing over the little distances between them. Take a 
weight of 47,000 pounds to an clevation of 1,000 feet 
above the carth's surface, and lst it fall; the energy with 
which it will strike the earth will not exceed that of the 
eight pounds of oxygen atoms, as they dash against one 
pound of hydrogen atoms to form water. 

Tt is sometimes stated that gravity is. distinguished 
from all other forces by the fact of its resisting conversion 
into other forms of force. Chemical affinity, it is sid, | 
can be converted into heat and light, and these again inte 
magnetism and electricity: but gravity refuees to bs s 
converted; being a force maintaining iteolf under all 
circumstances, and not capable of disappearing to give 
place to another. If by this he meant that a particle of 
matter can never be deprived of its weight, the assertion 
is correct; but the law which aflinns the convertibility 
of natural forces was never intended, in the minds of these 
who understood it, to affirm that such a conversion as that 
here implied occurs in any case whatever, As regards 
convertibility into heat, gravity and chemical affinity 
stand on precisely the same footing. The attraction in 
the one case is as indestructible as in the other, Nobedy 
affirms that when a stone rests upon the surface of the 
earth, the mutual attraction of the earth and stone is 
abolished ; nobody means to affirm that the mutual 
attraction of oxygen for hydrogen ceases, after the atoms 
have combined to form water. What is meant, in the 
case of chemical affinity, is, that the pull of that affinity, 
acting through a certain space, imparts a motion of trans 
lation of the one atom towards the other. This motion 
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is mot heat, nor ie the foree that produces it heat. 
But when the atoms strike and recoil, the motion 


original attraction then triumphs over the force of recoil, 
and urges the atoms once more together. Thus, like a 
pendulum, they oscillate, until their motion is imparted 
to the surrounding acther; or, in other words, until their 
heat becomes radiant hent. 

In -this sense, and in this sense only, is chemical 


motion is apparently destroyed, but in reality there is no 
destruction. Their atoms are suddenly urged together 
by the shock; by their own perfect: clasticity these atoms 
reooil; and thus is set up the molecular oscillation which 
gnnounces itself to the nerves as heat. 

‘Tt was formerly universally supposed that by the colli- 
sion of unelastic bodies force was destroyed. Men saw, 
for example, that when two spheres of clay, painter's 
putty, or lead, were urged together, the motion possessed 
by the masses, prior to impact, was more or less anni- 
hilated. They believed in an absolute destruction of the 
force’of impact. Until recent times, indeed, no difficulty 
was experienced in believing thie, whereas, at prevent, 









in most philosophic minds, In the collision of elastic 
bodies, on the contrary, it was observed that the motion 
with which they clashed together wax in great part ne 
stored by the resiliency of the masses, the more perfict 
the elasticity the more complete being the restitution. 
This led to the idea of perfectly elastic bodies—bodiee 
competent to restore by their recoil the whole of the 
motion which they possessed before impact. 

Hence arose the idea of the vonservation of foros, at 
opposed to that destruction of force which was supposed 
to cecur when unelastic bodies met in collision, 

We now know that the principle of conservation holdé 
equally good with elastic and unelastie bodies, Perfeetly 
elastic bodies develop no heal on collision. ‘They retain 
their motion afterwards, though its direction may be 
changed; and it is only when sensible motion is wholly 
or partly destroyed, that heat is generated. This always 
occurs in unelastic collision, the heat developed being the 
exnet equivalent of the sensible motion i 
This heat. virtually declares that the proporty of elasticity, 
denied to the masses, exists among their ators; and by 
the recoil and oscillation of these the principle of conser 
vation is vindieated, 

But ambiguity in the use of the term ¢ force? hax 
teen for some time more and more making iteelf felt. 
We called the attraction of gravity # force, without any 
reference to motion. A body resting on a shelf is as 
much pulled by gravity ae when, after having bean pushed 
‘off the shelf, it falls towards tha earth, We applied the 
term force also to that molecular attraction which we 
called chemical affinity. When, however, we spoke of 
the conservation of force, in the case of elastic collision, 
we meant neither a pull nor a push, which, as just: in- 
icated, might be exerted upon inert matter, buh wo 
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body is thrown upwards, it moves in opposition to gravity, 
which incessantly retards its motion, and finally brings it 
to rest at an elevation of sixteen feet, If not here caught 
by the bricklayer, it would return to the hodmean with an 
aceclorated motion, and reach bis band with the precise 
velocity it possessed on quitting it. 

Supposing the man competent to impart to the brick, 
at starting, a speed of sixty-four feet a second, or twice 
its former speed, would the amount of work performed in 
this effort be only twice what it was in the first instance? 
No; it would be four times that quantity. A body 
starting with twice the velocity of another, will rise to 
four times the height; in like manner, a three-fold 
velocity will give a nine-fold elevation, « four-fold velosity 
will give a sixteen-fold elevation, and soon. The height 
attained, then, or the work done, is not proportional 
to the volocity, but to the square of the velocity. As 
before, the work is also proportional to. the weight 
elovated. Hence the work which any moving mass 
whatever is competent to perform, by the motion which 
it at any moment possesses, is jointly proportional to 
its weight and the square of its velocity. Here, then, 
we have a second measure of work, in which; wo simply 
translate the idea of height into its equivalent idea of 
motion. 

In mochanics, the product of the mass of = moving 
body into the square of ite velocity, expresses what is 
called the vis viva, or living force: It is also. sometimes 
called the *mechanical effect. If, for example, a cannen 
pointed to the zenith urge’ tall npwards with twice the 
velocity imparted toa second ball, the former will rise to 
four times the height attained by the latter. If directed 
against a target, it will also do four times the execu 
tion. Hence the importance of imparting a high velocity 
to projectiles in war. Having thus cleared our way ton 
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Perfeetly definite conception of the vis vive of moving 
masses, We are prepared for the announcement that the 
heat generated by the shock of a falling body against the 
earth is proportional to the vis viva annihilated. In 
point of fact, it is not an ‘annihilation ab all, but a trans 
ference of vis viva from the mass to its ultimate particles, 
This, os we now learn, is proportional to the square of 
the velocity. In the cnse, therefore, of two cannon-balls 
of equal weight, if one strike a target with twice the 
velocity of the other, it will generate four times the heat ; 
if with three times the velocity, it will generate nine times 
‘the heat, and so on, 

Mr. Joule has shown that in falling from a height of 
772 fect, » body will generate an amoont of beat safficient, 
“na hen aaa ee Fahrenheit 

We have here the mechanical equivalent 
ye Now, « body falling from « height of 772 feet, 
has, upon striking the earth, a velocity of 228 foot a 
second; and if this velocity were imparted to a body, by 
any other means, the quantity af heat generated by the 
stoppage of its motion would be that stated above, Six 
times that. velocity, or 1,338 fect, would not be an ine 
ordinate one for 8 cannon-ball aa it quits the gun. Hence, 
a cannonball moving with a velocity of 1,338 feet a second, 
would, by collision, generate an amount of heat competent 
to raise its own weight of water 36 degrees Fahrenheit in 
temperature. If composed of iron, and if all the heat 
generated were concentrated in the ball itself, its tempe~ 
ature would be raised about 360 degrees Fahrenheit 5 
‘because one degree in the case of water is equivalent to 
about ten degrees in the case of icon. In artillery prac- 
tice, the heat generated is usually concentrated upon the 
front of the bolt, and on the portion of ‘the target first 
struck, By this concentration the heat developed be- 
comes sufficiently intense to raise the dust of the mew\ 
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to ineandeseence, a flash of light often accompanying 
collision with the target. 

Let us now fix our attention for a moment on the 
gunpowder which urges the cannon-ball, ‘This is com 
posed of combustible matter, which if burnt in the open 
air would yield a certain amount of heat, It will not 
yield this amount if it perform the work of unging s 
ball. The heat then generated by the ganpowder will 
fall short of that produced in the open air, by an amount 
equivalent to the wis wiv of the tall; and this exaet 
amount is restored by the ball on its collision with the 
target. In this perfect way are heat and mechanical 
motion connected. 

Broadly enunciated, the principle of the conservation 
of force asserts, that the quantity of force im the uni- 
yerso is as unalterable ag the quantity of matter; that 
it is alike impossible to create force and to ‘annihilate it, 
But in what sense are we to understand this assertion? 
It would be manifestly inapplicable to the force of gravity 
as defined by Newton ; for this is a force varying inversely 
as the square of the distance; and to affirm the econ- 
stancy of a varying force would be self-contradictory. 
Yet, when the question is properly understood, gravity 
forms no exception to the law of conservation. Follow- 
ing the method pursued by Helmholtz, I will hore at- 
tempt an elementary exposition of this law. Though 
destined in its applications to produco momentous 
changes in human thought, it is not difficult of compre 
hension. 

For the mke of simplicity wo will consider a particle 
of matter, which we may call ¥, to be perfectly fixed, 
and a second movable particle, », placed at a distance 
from #. We will aesume that these two particles atkract 
each other according to the Newtonian law, At a certain 
distance, the attraction is of a certain definite amount, 
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which might be determined by means of a spring balance. 
At balf this distance the attraction would be augmented 
four times; at a third of tho distance, nine times; at 
one-fourth of the distance, sixteen times, and soon. In 
every case, the attraction might be measured by deter- 
mining, with the spring balanee, the amount of tension 
just sufficient to prevent » from moving towards ¥. 
‘Thos far we have nothing whatever to do with motion ; 
we deal with statics, not with dynamics, We simply 
take into account the distence of p from ¥, and the pull 
exerted by gravity at that distance, 

It is customary in mechanics to represent the magni- 
tude of a foree bya line of a certain length, a force of 
double magnitude being represented by a line of double 
length, and 5 on. Placing then the particle p at a dis- 
tance from ¥, we can, in imagination, draw a straight 
line from to F, and at p erect a perpendicular to this 
line, which shall represent the amount of the attraction 
exerted ony. If » be at avery great distance from ¥, the 
attraction will be very small, and the perpendicular conse 
quently very short. If the distance be practically infinite, 
theattraction is practically nil. Lot us now suppose at every 
point in'the lina joining ¥ and p a perpendicular to ba 
erected, in length to the attraction exerted 
at that point; we thus obtain an infinite number of 
perpendiculars, of gradually increasing length, as » ap- 
proaches ¥. Uniting the ends of all these perpendiculars, 
we obtain a curve, and between this curve and the straight 
line joining ¥ and » we have on arca containing all the 
perpendiculars placed side by side, Each one of this 
infinite series of perpendicular representing an attraction, 
or tension, as it is sometimes called, the area just referred 
to represents the total effort capable of being exerted by 
the tensions, upon the particle n, during its passage from 
its firat position to ¥. 


8 
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Up to the present point we have been dealing with 
tensions, not with motion. Thus far vis viva has been 
entirely foreign to our contemplation of p and ¥. Let as 
now suppose p placed at a practically infinite distance 
fram ¥; here, as stated, the pull of gravity would be 
nothing, and the perpendicular representing it would 
dwindle to a point. In this position the sum of the 
tensions capable of being exerted on » would be a maxi- 
mum, Let p now begin to move in obedience to the at- 
traction exerted upon it. Motion being once set up, the 
idea of vie viva arises. In moving towards ¥ tho’ particle 
pconsumes #3 it were, the tensions, Let us fix our at- 
tention on p, at any point of the path over which it is 
moving. Between that point and ¥ there ian quantity oF 
unused tensions; beyond that point the tensions have 
‘been all consumed, but we have in their place an equiva- 
lent quantity of vis viva. After » has passed: any pointy 
the tension previously in store at that point disappears, 
but not without having added, during the infinitely «mall 
duration of its action, a due amount of motion to that 
proviously possessed by ». The nearer p approaches to ¥, 
the smaller is the sum of the tensions remaining, but the 
greater is the living force; the farther pis from ¥, the 
greater is the sum of the unconsumed tensions and: the 
lees is the living foree. Now the principal of conservation 
affirms not the constancy of the value of the tensions af 
gravity, nor yet. the constancy of the vie viva, taken 
toparately, but the absolute constancy of the value of the 
sum of both, At the beginning the vis viva was zero, 
and the tension area was a maximum; close to ¥ the vig 
viva isa maximum, while the tension area is zero, Ab 
every other point, the work-producing power of the particle 
p consists in pact of vis viva, and in part of tensions. 

If gravity, instead of being attraction, were repulsion, 
then, with the particles in contact, the sum of the tensions 
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between p and ¥ would be a maxitnum, and the vis vive 
zero. If, in obedience tothe repulsion, » moved away 
from ¥, vis viva would be generated; and the farther v 
retreated from F the greater would be its vie viva, and 
the loss the amount of tension still available for producing 
motion. Taking repulsion as well a8 attraction into 
account, the principle of the conservation of force affirms 
that the mechanical value of the fensions and wires viva 
of the material universe, so far as we know it, is aconstant: 
quantity. The universe, in short, possesses two kinds of 
property which are mutually convertible at an unvarying 
rate, The diminution of cithcr carries with it the en- 
haneement of the other, the total value of the property 
remaining unchanged. 

The considerations here applied to gravity apply 
equally to chemical affinity. In a mixture of oxygen and 
hydrogen the atoms exist. apart, but by the application of 
proper means they may be caused to rush together across 
the space that separates them. While this space exists, 
and as long a3 the atoms have not begun to move towards 
each other, we haye tensions and nothing else. During 
their motion towards each other the tensions, as in the 
ease of gravity, are converted into vis viva, After they 
clash we have still vie viv, bub in another form. It was 
translation, it i vibration. It was molecular transfer, it 
is heat. 

It is possible to reverse these processes, to unlock the 
embrace of the atoms and replace them in their first, 
positions. But, to accomplish thie, as much heat would be 
required as was generated by their union. Such reversals 
ecour daily and hourly in nature. By the solar waves, the 
oxygen of water is divorced from ita hydrogen in the 
leaves of plants. As molecular vis viva the waves dix 
appear, but in so doing they re-endow the atoms of oxygen 
and hydrogen with tension. The atoms are thus enab\ed 





to recombine, and when they do so they restore the 
procise amount of heat consumed in thelr separation 
‘The same remarks apply to the compound of carbon and 
oxygen, called carbonic acid, which is exhaled from our 
lungs, produced by our fires, and found sparingly diffused 
everywhere throughout the air. In the leaves of plants 
the sunbeams also wrench the atoms of carbonic seid 
asunder, and sacrifice themeslyes in the act; but whea 
the plants are burnt, the amount of heat consumed ix 
their production is restored. 

‘This, then, is the rhythmic play of Nature as rogunie 
her forces. Throughout all her regions she oscillates from 
tension to vis viva, from vis vive to tension, We bare 
the same play in the planetary system, ‘The earth's orbit 
is an ollipee, one of the foci of which ia occupied by the 
sun. Imagine the earth at the most distant part of the 
orbit. Her motion, and consequently her vis viva, is then 
aminimum. ‘The planct rounds the curvo,and begins its 
approach to the sun. Tn front it haas store of tensions, 
which is gradually consumed, un equivalent amount. of 
vis viva being generated. When nearest to the sun the 
motion, and consequently the vis viva, reach a maximum. 
But hero the available tensions have boon used up. The 
earth rounds this portion of the curve and retreats from 
the sun. Tensions are now stored up, but vie vive is 
Jost, to be again restored at the expense of the comple- 
mentary force on the opposite side of the curve, Thus 
Jats the heart of the universe, but without increase or 
diminution of its total stock of force. 

I have thus far tried to steer clear amid confusion, by 
fixing the mind of the reader upon things rather than 
upon names. But good names aro essential; and here, 
as yet, we are not provided with such. We have had the 
force of gravity and living force—two utterly distinot 
things. We have had pulls and tensions; and we might 





have had the force of heat, the force of light, the force of 
magnetixm, or the force of electricity—all of which terms 
have bocn employed more or less loosely by writers on 
physics. This confusion ia happily avoided by the intro- 
duction of the term * energy,’ which embraces both tension 
and vis viva. Energy is possessed by bodies already in 
motion ; it is then avtnal, and we agree to call it actual 
or dynamic energy. Tt is our old vis viva, On the 
other hand, energy is possible to bodies not in motion, 
but which, in virtue of attraction or repulsion, possess a 
power of motion which would realise itself if all hindrances 
were removed. Looking, for example, at gravity; a body 
‘on the earth’s surface in a position from which it cannot 
fall to a lower one possesses no energy. It has neither 
motion nor power of motion. But the same body sus 
pended at a height above the earth has a power of motion, 
though it may not have exercised it. Energy is possible 
to such a body, and wo agree to call this potential eneryry. 
It consists of our old teneione. We, moreover, speak of 
the conservation of energy, instead of the conservation of 
forces; and say that the sum of the potential and dynamic 
energies of the material universe is a constant quantity, 
A body cast upwards consumes the netual énergy of 
projection, and lays up potential energy. When it reaches 
its utmost height all its actual enorgy is consumed, its 
potential energy being then a maximum. When it 
returns, there is a reconversion of the potential into the 
actual. A pendulum at the limit of its swing possesses 
potential energy ; at tho lowest point of its arc its energy 
ix all actunl. A patch of stiow resting on a mountain 
slope has potential energy; loosened, and shooting down 
as an avalanche, it possesses dynamic energy. The pino- 
trees growing on the Alps have potential energy; but 
rushing down the Holsrinne of the woodeutters they 
‘possess actual energy. The same is true of the mountains 





gravity. ‘Tho hammer of the great bell of ‘Wostminster, 


when raised before striking, possesses potential energy; 
when it falls, the energy becomes dynamic; and after the 


converting, by repulsion, its potontial into dynamic energy, 
till the latter attaine a maximum, after which it is again 
changed into potential energy. ‘Thus, what is truo of the 
earth, as she swings to and fro in her yearly journey 
round the sun, is also true of her minutest atom. We 
have wheels within wheels, and rhythm within Thythm. 


consumed. Hence, a portion only of the heat communi- 
cated to the body remains as dynamic energy. Looking 
back on some of the statements made at the beginning of 
this article, now that our knowledge is more extensive, we 
see the necessity of qualifying them. When, for example, 
two bodies clash, heat is generated ; but the heat, or mole 
cular dynamic energy, developed at the moment of collix 
sion, is not the equivalent of the sensible dynamic energy 
destroyed. The true equivalent is this heat, plus the 
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potential energy conferred upon the molecules by the 
placing of grester distances between them. This mole 
cular potential energy is afterwards, on the cooling of the 
body, converted into heat, 

Wherever two atoms capable of uniting together by 
their mutual attractions exixt separately, they form a 
store of potential energy. Thus our woods, forests, and 
coul-fields on the one hand, aud our atmospheric oxygen 
on the other, constitute a vast store of energy of this kind 
—wuit, but far from infinite. We have, besides our coal- 
fields, metallic bodies more or less sparsely distributed 
throngh the earth's crust. These bodies can be oxydised 5 
end hence they are, eo far as they go, stores of potential 
energy. But the attractions of the great mass of the 
earth's crust are already satisfied, and from them no fur= 
ther energy can possibly be obtained. Ages ago the elo- 
mentary constituents of our rocks clashed together and 
produced the motion of heat, which was taken up by the 
aether and carried away through stellar space. Itis lost 
for ever as far as we are concerned. In those nges the hot, 
conflict of carbon, oxygen, and calcium produced the chalk 
‘and limestone hills which are now cold; and from this 
earbon, oxygen, and calcium no further energy can be 
derived, So it. is with almost, all the other constituents 
of the earth's crust. They took their present form in 
obedience to molecular force ; they turned their potential 
energy into dynamic, and gave it to the universe, ages 
before man sppeared upon this planct. For him a residue 
of potential energy remaing, vast, truly, in relation to tho 
life and wants of an individual, but exceedingly minute in 
comparison with the earth’s primitive store. 

To sum up. The whole stock of energy or working- 
power in the world consists of attractions, reprulsions, and 
motions. Tf the attractions and repulsions be so ciream- 
stanced as to be able to produce motion, they are sources 


4 FRAGMENTS OF SCIENCE: 





of working-power, but not otherwiae, As stated a moment 
ago, the attmetion exerted between the earth and a body 
at a distance from the earth's surface, is a source of work 
ing-power ; because the body can be moved by the attrac: 
tion, and in falling to the earth can perform work. When 
it rests upon the earth's surface it is not a soures of power 
or energy, because it can fall no farther. But though it 
has ceased to be a source of energy, the attraction of 
gravity still acts as a force, which holds the earth and 
weight together. 

The same remarks apply to attracting atoms and 
molecules. As long as distance separates them, they can 
move across it in obedience to the attraction; and the 
motion thus produced may, by proper appliances, be cmased 
to perform mechanical work. When, for example, two 
atoms of hydrogen unite with one of oxygen, to form 
wuter, the atoms are first: drawn towards each other— 
they move, they clash, and then by virtue of their re 
rilieney, they recoil and quiver, ‘To this quivering motion 
we give the name of heat, This atomic vibration is merely 
the redistribution of the motion produced by the chemical 
affinity; and this is the only sense in which chemical 
affinity can be said to be converted into heat We must 
not imagine the chemical attraction destroyed, or con- 
verted into anything else. For the atoms, when mutually 
clasped to form a molecule of water, are held togetbar by 
the very attraction which first, drew them towards each 
other, That which has really been expended fs the gral 
exerted through the space by which the distance between 
the atoms has been diminished, 

If this be understood, it will be at once seen that 
gravity may, in this sonse, be enid to be convertible into 
heat; that it is in reality no more an outstanding and 
inconvertible agent, as it is sometimes stated to be, than 
ix chemical affinity. By the exertion of a certain pall 








The transformation, in this case, is easily followed by 
the mind's eye. First, the weight as a whole is seb in 
motion by the attraction of gravity. This motion of the 
mmass is arrested by collision with the earth, being broken 
up into molecular tremors, to which we give the name of 


i 


And when we reverse the process, and employ those 
tromors of heat to mise a weight, which is done through 
the intermediation of an elastic fluid in the steam-engine, 
a certain definite portion of the molecular motion is con- 
sumed. In this sonse, and in this sense only, can the hoat 
be said to be converted into gravity; or, more correctly, 
into potential energy of gravity. Hore the destruction 
of the heat has created no new attraction; but the old 
Attraction has conferred upon it a power of exerting a 
certain definite pull, between the starting-point of the 
falling weight and the earth. 

When, therefore, writers on the conservation of energy 
speak of tensions being ‘consumed’ and ‘ genernted, they 
do not mean thereby that old attractions have been anni- 
hilated, and new ones brought into existonce, but that, 
im the one case, the power of the attraction to produce 
motion bas been diminished by the shortening of the dis 
tance between the attracting bodies, while, in the other 
case, the power of producing motion has been augmented 
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by the increase of the distance. These remarks apply t 
all bodies, whether they be sensible masses or molecules. 

Of the inner quality that enables matter to attrac! 
matter we know nothing; and the law of conservatio 
makes no statement regarding that quality. It takes the 
facts of attraction as they stand, and affirms only the 
constancy of working-power. That power may exist in 
the form of moron ; or it may exist in the form of Force, 
with distance to act through. The former is dynamic 
energy, the latter is potential energy, the constancy of the 
sum of both being affirmed by the law of conservation. 
The convertibility of natural forces consists solely in trans- 
formations of dynamic into potential, and of potential into 
dynamic energy. In no other sense has the convertibility 
of force any scientific meaning. 


From the writings and conversation of distinguished 
men I learned, that the notion of gravity being an out- 
standing force, entirely inconvertible, was prevalent among 
them. Hence the origin of the foregoing exposition. 
Grave errors have, indeed, been entertained, as to what is 
really intended to be conserved by the doctrine of con- 
servation. November 1875. 
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RADIATION. 
1866, 


1, Visible and Invisible Radiation. 


ETWEEN the mind of man and the outer world are 

interposed the nerves of the human body, which 

translate, or enable the mind to translate, the impressions 
of that world into facts of consciousness and thonght. 

Different nerves are suited to the perception of 
differont impressions. We do not sce with the ear, nor 
hear with the eye, nor are we rondered sensible of sound 
by the nerves of the tongue. Out of the general assemblage 
of physical actions, exch nerve, or group of nerves, selects 
and responds to those for the perception of which it ix 
specially organised. 

The optic nerve passes from the brain to the back of 
the eyeball and there spreads out, to form the retina, a 
web of nerve filaments, on which the images of external 
objects are projected by tho optical portion of the eye. 
‘This nerve is limited to the apprehension of the phe- 
nomena of radiation, and, notwithstanding its marvellous 
sensibility to certain impressions of this class, it is 
singularly obtuse to other impressions. 

Nox does the optic nervo embrace the ontire range 
even of radiation. Some rays, when they reach it, are 
incompetent to evoke its power, while others never roach 
it at all, being absorbed by the humours of the eye. ‘Yo 

‘ 





all rays which, whether they reach the retina or mot, fail’ 
to excite vision, we give the name of invisible or obscure 
ray. All non-luminous bodies emit such rays. There 
is no body in nature absolutely cold, and every body not 
absolutely cold emits rays of heat. But to render radisnt 
heat fit to affect the optic verve a certain temperature is 
vecesary. A cool poker thrast into a fire remains dark 
for a time, but whea its temperature has become equal 
to that of the surrounding coals, it glows like them. In 
like manner, if a current of cloctricity, of gradually in- 
creasing strongth, bo sent through « wire of the refractory 
metal platinum, the wire first becomes sensibly warm te 
the touch; for a time its beat augments, still however 
remaining obscure; at length we can no longer touch the 
metal with impunity; and at a certain definite temper 
ature it emits a focble red light. As the current ang- 
ments in power the light augments in brilliancy, until 
finally the wire appears of a dazzling white, The light 
which it now emits is similar to that of the sun. 

By means of a priem Sir leaao Newton unrayelled the 
texture of solar light, und by the samo simple instrument 
we can investigate the luminous changes of our platinum 
wire. In passing through the prian all its rays (and 
they are infinite in variety) are bent or rofracted from 
their straight course; and, as different rays are differently 
refracted by the prism, we are by it enabled to. separate 
one class of rays from another, By such prismatic analy= 
sis Dr, Draper has shown, that when the platinum wire 
first begins to glow. the light emitted is sensibly red. As 
the glow augments the red becomus more brilliant, but at 
the same time orange rays are added to the omission. 
Angmenting the temperature still further, yellow rays 
appear beside the orange ; after the yellow, green mys are 
emitted; and after the green come, in succession, blue, 
indigo, und violet rays. To display all theee colours at 
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the came time the platinum wire must be white-fot: the 
impression of whiteness being in fact produced by the 
simultancous action of all these colours on the optic nerve. 

Tn the experiment just described we began with a 
platinum wire at an ordinary temperature, and gradually 
raisod it to a whito beat, At the beginning, and oven 
before the electric current had acted at all upon the wire, 
it emitted invisible rays. For some time after the action 
of the current had commenced, and even for a time after 
the wire had become intolerable to the touch, its radia- 
tion was still invisible. The question now arises, What 
becomes of these invisible mys when the visible ones 
make their appearanes? It will be proved in the saquel 
that they maintain themselves in the mdiation; that a 
my once emitted continues to be emitted when the tem- 
perature is increased, and henee the emission from our 
platinum wire, even when it has attained its maximum 
brilliancy, consists of a mixture of visible and invisible 
rays. If, instead of the platinum wire, the earth itself 
wore raised to incandescence, the obscure radiation which 
it now emits would continue to be emitted. To reach 
incandezcence the planet would have to pass through all 
the stages of non-luminous radiation, and the final emis 
sion would embrace the rays of all these stages. There 
can hardly be a doubt that from the sun itself, raya pro- 
ceed similar in kind to those which the dark earth pours 
nightly into space. In fact, the various kinds of obecure 
rays emitted by all the planets of our system are included 
‘in the present radiation of the sun. 

The great pioneer in this domain of science was Sir 
William Herschel. Causing a beam of solar light to pass 
through a prism, he resolved it into its coloured consti- 
tents; he formed what is technically called the solar 
spectrum. Exposing thermometers to the sucecesive 
colours he determined their heating power, and found 
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to augment from tho violet or most refracted end, to the 
red or least refracted end of the spectrum. But he did 
not stop here. Pushing his thermometers into the dark 
space beyond the red he found that, though the light 
had disappeared, the radiant heat falling om the instre 
mente was more intense than that at any visible part of 
the spectram. In fact, Sir William Herschel showed, 
and his results have been verified by various philosophers 
since his time, that, besides ite luminous rays, the aan 
pours forth a multitude of other rays, more poworfully 
calorific than the Iurninous onee, but entirely unsuited to 
the purpotes of vision. 

At the less sefrangible end of the solar spectrum, then, 
the mnge of the sun's radiation is not limited by that af 
the eye. The same statement applies to the more refrang- 
ible end. Ritter discovered the extension of thé spec 
tram into the invisible region beyond the violet; and, ip 
recent” times, this ultra-violet emission has had peculiar 
intereat conferred upon it by the admirable rescarchee of 
Professor Stokes. The complete spoctram of the sun 
consists, therefore, of three distinct parts :—first, of ultra- 
rad rays of high heating power, but unsuited to the pur 
poses of vision; secondly, of Inminous rays which display 
the succession of colours, red, orange, yellow, green, blue, 
indigo, violet; thirdly, of ultra-violet rays which, like the 
ultra-red ones, are incompetent to excite vision, but whieh, 
unlike tho ultra-red mys, possess a very fooble heating 
power, In consequence, however, of their chemical energy 
these ultra-violet rays are of the utmost importance to 
the organic world. 





condition of our own eyes, We do not sce the 
fin which these successive colours originate, but the 
resistibly infera that the appearance of the colours 
jms to certain contemporaneous changes in the 


um to act upon them, we should find them ina 
vibration. In this vibration, indeed, consiats auch 
as the wire then posserics, Lockecnunciated this 
h great precision, and it hus been placod beyond the 
doubt by the excellent quantitative researches of 
lle. ‘Heat,’ myx Locke, ‘is a very brisk agitation 
fsensible parts of the object, which produce in. us 
(sation from which we denomivate the object hot: 
in our sensations is heat in the oljuct is nothing 
ion.’ When the electric current, still feeble, begins 
through the wire, its first act is to intensify the 
ns already existing, by causing the atoms to swing 
| wider ranges. ‘Technically epeaking, the anvpli- 
[the escillations are increased. ‘The current does 
fwover, without altering the periods of the old 
ns, or the times in which they were executed. But 

the old vibrations the current gene~ 
bw and more rapid ones, and when a certain de~ 
(piility has been attained, the wire begins to glow. 
exhibited is red, which corresponds to the 
of vibration of which the eye is able to take 
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cognisunce, By augmenting the strength of the electrie 
current more rapid vibrations ure introduced, and orange 
raysappear. A quicker rate of vibration produces yellow, 
a still quicker green; and by farther augmenting the | 
rapidity, we poss through blue, indigo, and violet, to the 
extreme ultra-violet rays. 

Such are the changes which science recognises in the 
wire itself, as concurrent with the visual ehanges taking 
place in the eye. But what connects the wire with this 
organ? By what means does it send such intelligence of 
its varying condition to the optic nerve? Heat being, as 
defined by Locke, ‘a very brisk agitation of the insen- 
sible parts of an object,’ it is readily conceivable that on 
touching a heated body the agitation may communicate 
itself to the adjacent nerves, and announce itself to them 
us light or heat. But the optic nerve docs not touch the 
hot platinum, and hence the pertinence of the question, 
By what agency are the vibrations of the wire transmitted 
to the eye? 

‘The answer to this question involves perhaps the most 
important physical conception that the mind of man has 
yet achieved: the conception of a medium filling =paeo 
and fitted mechanically for the transmission of the vibra- 
tions of light and heat, as air is fitted for the transmission 
of sound. ‘This medium is called the hominiferous aether 
Every vibration of every atom of our platinum wire mises 
in this acther a wave, which speeds through it at the rate 
of 186,000 miles a socond. ‘The aother suffers no rupture 
of continuity at the surface of the eye, the intor-molecular 
spaces of the various humours are filled with it; henee 
the waves generated by the glowing platinum can eros 
these humours and impinge on the optic nerve at the 
back of the eye. Thus the sensation of light reduces itself 
to the communication of motion, Up to this point we 
deal with pare mechanics; but the subsequent translation 





RADIATION. 3 


of the shock of the aethereal waves into consciousness 
eludes the analysis of seience. As an oar dipping into 
the Cum generates systems of waves, which, speeding from 
the centre of disturbance, finally stir the sedges on the 
river's bank, so do the vibrating atoms generate in the 
surrounding acther undulations, which finally stir the fila~ 
monts of the retina. ‘The motion thus imparted is trane~ 
mitted with measurable, and not very great velocity to 
the brain, where, by a process which science does not even 
tend to unravel, the tremor of the nervous matter is con- 
verted into the conscious impression of light. 

Darkness might then be defined as acther ab reet ; light, 
asactherin motion. But in reality the acther is never at 
rest, for in the absence of light-waves we have heat-wayves 
alwnys speeding through it, In the spaces of the universs 
both classes of undulations incessantly commingle. Here 
the waves issuing from uncounted centres croas, coincide, 
‘oppose, and pass through each other, withont confusion 
or ultimate extinction, The waves from the zenith do not 
jostle out of existence those from the horizon, and every 
star is seen across the entanglement of wave-motions 
produced by all other stars. It is the ceaseless thrill 
caused by thoee distant orbs collectively in the aether, 
that constitutes what we call the temperature of space. 
As tho air of a room accommodates itself to the require- 
ments of an orchestra, transmitting each vibration of every 
pipe and string, so doea the inter-stellar acther accommo- 
date itself to the requirements of light and heat. Tts 
waves mingle in space without disorder, each being 

ndowed with an individuality as indestructible as if it 
alone had disturbed the univorsnl repose, 

All vagueness with regard to the use of the terms 
vadiation and absorption will now disappear. Radiation 
ds the communication of vibratary motion to the aether ; 
and when a body is said to be chilled by radiation, aa tor 




















aether may so strike against the molecules 

exposed to their action as to yield up their n 

tho Intter; and in this tranefer of the motion fro 
aether to the molocules consists the absorption of | 

hoat. All the phenomena of heat are in this way 
dueible to interchanges of motions and it is purely as 
the recipients or the donors of this motion, that we our 
relves become conscious of the action of heat and cold. 





3. The Atomic Theory in reference to the Acther, 


‘The word ‘atoms’ has been more than once 
in this discourse. Chemists have tanght'us that all matter 
is reducible to certain elementary forms to a 
give this name. ‘These atoms are endowed with powe 
of mutual attraction, and under suitable circumstance | 
they coalesce to form compounds, Thus oxygen and 
hydrogen are elements when separate, or merely mixed, 
but they may be made to combine to ns to form 
each consisting of two atoms of hydrogen and one 
oxygen. In this condition they constitute water. So 
also chlorine and sodium are elemonts, the former a pun~ 
gent gas, the Intter a soft metal; and they unite together 
to form chloride of sodium or common salt. In the same 
way the element nitrogen combines with hydrogen, in the 
proportion of one atom of the former to three of the latter, 
to form ammonia, or spirit of hartshorn. Picturing in 
imagination the atoms of elementary bodies as little spheres, 
the moleculos of compound bodies must be pictured as 
groups of such spheres. This is the atomic theory aa 








aul 








Dalton conceived it. Now if this theory have any founda- 
tion in fact, and if the theory of an aether pervading 
space, and constituting the vehicle of atomic motion, be 
founded in fact, we may assuredly expect the vibrations of 
elementary bodies to be profoundly modified by the act of 
combination. It is on the face of it almost certain that 
both as regards radiation and absorption, that is to say, 
both as regards the communication of motion to the asther, 
and the acceptance of motion from it, the deportment of 
the uncombined atoms will be different from that of the 
combined. 


4s Absorption of Radiant Heat by Gases. 


We have now to submit these considerations to the only 

test by which they can. be tried, namely, that of experi- 
ment. An experiment is well dofined as a question put 
to Nature ; but, to avoid the risk of asking amiss, we ought, 
to purify the question from all adjuncts which do not 
necessarily belong to it. Matter has been shown to be 
componed of elementary constituents, by the compounding 
of which all its varieties are produced. But, besides the 
chemical unions which they form, both elementary and 
compound bodice can unite in another and less intimate 
way. By the attraction of cohesion gases and vapours 
aggregate to liquids and solids, without any change of thoir 
ebemical nature, We do not yet know how the transmis~ 
sion of radiant heat, may be affected by the entanglement 
tne to cohesion ; and, as our object now is to examine the 
influence of chemical union alone, we shall render our 
‘experiments more pure by liberating the atoms and mole- 
cules entirely from the bonds of cohesion, and employing 
them in the gasevus or yaporous form. 

Let us endeavour to obtain a perfectly clear mental 


patra bleiben teh nod if se; whether dif 
ferent molecules possess this power in different degrees. — 
The eource of waves chosen bese 
is a plate of copper, against the back of which a 
steady sheet of flame is permitted to play. On emerging 
from the copper, the waves, in the first instance, pass — 
through a space devoid of air, and then enter a hollow 
ste Uyttidlr, hres fost 10g thres het WE 





















scarcely sensible obstacle to the passnge of the calorific | 
waves. Aftor passing through the tubo, the radiant beat — 


electric current, This eurrent conducted round a mage — 
netic needle deflects it, and the magnitude of the deflection 
ix a measure of the heat falling upon the pile. This 
famous instrument, and not an ordinary thermometer, is 
what: we shall use in these enquiries, but we shall use it 
in a somewhat novel way. As long aa tho two opposite 
faces of the thermo-lectric pile are kept at the same tem-— 
perature, no matter how high that may bo, there is no 
current generated. The current is a consequence of a 


' In the Appondix to she fin chapter of Heat ax a Malo of Motion 
the esnstruction of the thermoveloeteie pile is fully explained, 


a al 





RADIATION. bid 


difference of temperature between the two opposite faces 
of the pile, Hence, if after the anterior fee haa received 
the heat from our radiating source, a second source, which 
we may call the compensating source, be permitted to 
radiate against the posterior face, this latter radiation will 
tend to neutralise the former. When the neutralisation 
is perfect, the magnetic needle connected with the pile is 
no longer deflected, but points to the zero of the graduated 
cirele over which it hangs. 

And now let us suppose the glass tube, through whieh 
pass the waves from the heated plate of copper, to be ex- 
hansted hy an air-pump, the two sources of heat acting at 
the same time on the two opposite faces of the pile. 
Perfectly equal quantities of heat being imparted to the 

. two faces, the needle points to zero. Let any gas be now 
permitted to enter the exhausted tube; if the molecules 
poreess any power of intercepting the calorific waves, the 
equilibrium previously existing will be destroyed, the 
compensating source will triumph, and a deflection of the 
magnetic needle will be the immediate consequence. From 
the deflections thus produced by different gases, we can 
readily dedace the relative amounts of wave-motion which 
their molecules intercept. 

In this way the substances montioned in the following 
table were examined, 2 ermall portion only of each being 
admitted into the glsas tube, The quantity admitted was 
just sufficient to depress a column of mercury associated 
with the tube one inch: in other words, the gases were 
examined at a pressure of one-thirticth of an atmosphere. 
‘The numbers in the table express the relative amounts 
of wave-motion absorbed by the respective gases, the 
quantity intereepted by atmospheric air being taken as 
unity. 








Radiation through Gasee. 

ase of ee Batative 

ataorption 
Sarees cs 1 
Oxygen sv ee 
Nimes . % ma 
Hyregn rs | 
Carbonic oxide S + 160 
Carbonic weld. a Dern 
Niticosido =. 4 +e 10 
Nitrousoxide 2s 1,860 
Sulphido of hydrogen 2,100 
Ammouls . . 5400 
Olotinnt gaa 6,020 
Sulphurous acid . 6.480 


Every gus in this table is perfoctly transparent to light, 
that is to may, all waves within the limits of the visible 
spectrum pass through it without obstruction ; but forthe 
waves of slower period, emanating from our hoated plate 
of copper, enormous differences of absorptive power are 
manifested. These differences illustrate in the mest un- 
expected manner the influence of chemical combination 
‘Thus the clomentary gases, oxygen, hydrogen, and nitro 
gen, and the mixture atmospheric air, prove to be practical 
vacua to the rays of heat; for every ray, or, more strictly 
speaking, for every unit of wave-motion, which any one 
of them is competent to intercept, perfectly transparent 
ammonia intercepts 5,460 units, oletiant gas 6,030 unite, 
while sulphurons acid gas absorbs 6,480 unite, What 
becomes of the wave-motion thus intercepted? [Th is 
applied to the heating of the absorbing gaa ‘Through 
air, oxygen, hydtogen, and nitrogen, on the contrary, the 
waves of acther pass without absorption, and these guses 
are not sensibly changed in temperature by the most 
powerful calorific rays. ‘The position of nitrous oxide is 
the foregoing table is worthy of particular notice. In this 

we have the same atoms in a state of chemical union, 








that exist uncombined in the atmosphere; but theabsorp- 
tion of the compound is 1,800 times that of air. 


6. Fortaation of Invisible Foot. 


This extraordinary deportment of the elementary gases 
naturally directed attention to elementary bodies in 
other states of aggregation. Some of Melloni’s results 
now attained anew significance; for this celebrated ex- 
perimenter had found crystals of the clement sulphur to 
be highly pervions to rudiant heat; be had also proved 
that lamp-black, and black glass, (which owes its blackness 
to the element carbon) were to a considerable extent 
transparent to calorific rays of low refrangibility. ‘These 
facts, harmonising so. strikingly with the deportment of 
the simple gases, suggested further enquiry. Sulphur dise 
solved in bisulphide of carbon was found almost perfectly 
transparent, The dense and deoply-coloured eleunent 
bromine was examined, and found competent to eut off 
the light of onr most brilliant flames, while it transmitted 
the invisible calorific raya with extreme freedom, Todine, 
the companion’element. of bromine, was next. thought of, 
‘bat it was found impracticable to examine the substance 
in its usual solid condition. It however dissolves freely 
in bisulphide of carbon, There is no chemical union 
between the liquid and the iodine; it is simply 1 case of 
solution; in which the uncombined atoms of the element 
ean net upon the radiant heat. When pormitted to do so, 
it was found that a layer of dissolved iodine, sufficiently 
opaque to cut off the light of the midday sun, was almost 
absolutely transparent to the invisible calorific rays. 

By prismatic analysis Sir William Herschel separated 
the luminous from the non-luminows rays of the aun, and 
he also sought to render the obscure rays visible by cou 










had passed through a narrow slit or through a 
aperture, the amount of the obscure heat being 
by this circumstance. Bat with our 

we may employ the entire surfieo of 
and having thus converged the aaa 
luminous, we can intercept the former by the 
and do what we please with the latter. 
this character, not only with the lodine solution, but 







1863, and the effects at the foci of invisible raya, then ob- 
tained, were such as had never been witnessed previously. 

Tn the experiments here refarred to, glass lenses were 
employed to concentrate the rays. But glass, though 
highly transparent. to the luminous, ix in a high degree 
opagute to the invisible, heat-rays of the electric lamp, and 
hence a large portion of those rays was intercepted by the: 
glass. The obvious remedy here is to employ rock-salt 
lenses instead of glass ones, or to abandon the use of 
lenses wholly, and to concentrate the rays by a metallic 
mirror, Both of these improvements have been intro- 
duced, and, a8 anticipated, the invisible foci have been 
thereby rendered more intense. The mode of operating 
remains however the same, in principle, aa that made 
Known in 1862. It was then found that an instant’s ex 
posure of the fice of the thermo-electric pile to the focus 
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of invisible rays, dashed the needles of a coarse gulva- 
nometer violently aside. It is now found that, on substi- 
tuting for the face of the thermo-clectrie pile a com- 
bustible body, the invisible my are competent to eet that 
body on fire, 


6. Visible and Invisible Rays of the Electric Light. 


We have next to examine what proportion the non- 
luminous rays of the electric light bear to the luminous 
ones. This the opaque eolution of iodine enables us to do 
with an extremely close approximation to the truth. The 
pure bitulphide of carbon, which is the solvent of the 
iodine, is perfectly transparent to the luminous, and 
nlmost perfectly transparent to the dark, rays of the 
electric lamp, Through the transparent bisulphide the 
total mdiation of the lamp may be considered to pass, 
while through the solution of iodine only the dark rays 
are transmitted. Determining, then, by means of a 
thermo-cloctric pile, the total radiation, and deducting 
from it the purely obscure, we obtain the amount of the 
purely Iuminons emission, Experiments, performed in 
this way, prove that if all the visible mys of the electric 
Tight were converged to a focus of dazzling brilliancy, its 
heat would only be one-cighth of that produced at the 
unseen focus of the invisible rays. 

Exposing his thermometers to the successive colours of 
the solar spectrum, Sir William Herschel determined the 
heating power of cach, and also that of the region beyond 
the extreme red, Then drawing a straight lino to repre~ 
sent the length of the speetram, he erected, at various 
points, perpendiculars to represent. the calorific intensity 
existing at those points. Uniting the ends of all his 
perpendiculars, he obtained a curve which showed wk a 





glance the manner in which the heat was distributed ix 
the solar spectrum. Professor Miiller of Freiburg, with 
improved instruments, afterwards made similar experi- 
ments, and constructed a more accurate diagram of the 
same kind, We have now to examine the distribution of 
heat in the spectrum of the electric light; and for this 
purpose we shall employ a particular form of the thermo- 
electric pile, devised by Melloni. Its face is a reetangle, 
which by means of movable side-pieces ean be rendered 
ag narrow as desired. We can, for example, have the 
face of the pile the tenth, the hundredth, or even the 
thousandth of an inch in breadth. By. means of an end~ 
less screw, this linear thermo-electric pile may be moved 
through the entire spectrum, from the violet to the nei, 
the amount of heat falling upon the pile at every paint 
of its march, being declared by a magnetic needle asso- 
ciated with the pile, 

When this instrument, is brought up to the violet end 
of the spectrum of the electric light, the heat is foand to 
be insensible. As the pile grmdoully moves from the 
violet. end towards the red, heat soon manifests itself, 
augmenting 48 we approach the red. Of all the colours 
of the visible spectrum the red possesses the highest 
heating power, On pushing the pile into the dark region 
beyond the red, the heat, instead of vanishing, rises sue 
denly and enormously in intonsity, until nt some dietance 
beyond the red it attains a maximum, Moving the pile 
still forward, the thermal power falls, somewhat more 
rapidly than it rose. Tt then gradually shades away, but, 
for a distance beyond the red greater than the length af 
the whole visible spectrum, signa of heat may be detected. 

Drawing a datum line, and erecting along it per 
pendiculars, proportional in length to the thermal in- 
tensity ot the respective points, we obtain the extm- 
ordinary curve, shown on the adjacent page, which ex~ 
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hibits the distribution of heat in the spectrum of the 
electric light. Tn the region of dark rays, beyond the 
red, the curve shoots up to m, steop and massive 
peak—a kind of Matterhorn of heat, which dwarfe the 
portion of the diagram © p &, representing the lumintes 
radiation. Indood, the idea forced upon the mind by 
this diagram is that the light rays are a mere insigni- 
ficant appendage to the heat-rays represented by the 
area Ah © D, thrown in as it were by nature for the pur 
poses of vision. 

‘The diagram drawn by Professor Miller to represent 
tho distribution of beat in the solar spectrum is not by 
‘any means so striking as that just described, and the 
reaton, doubtless, is that prior to reaching the earth the 
solar raya have to traverso our atmosphere. By the 
aqueous vapour there diffused, the summit of the peak 
representing the sun's invisible radiation ie cut off. A 
similar lowering of the mountain af invisible beat is eb- 
served when the rays from the electric light are permitted 
to pass through a film of water, which acts upom them as 
tho atmospheric vapour acts upon the mye of the sun. 





7. Combustion by Invisible Rays. 


‘The sun’s invisible rays far transcend the visible ones 
in heating power, to that if the alleged performances of 
Archimedes during the siege of Syracuse had any founda- 
tion in fact, the dark solar rays would have been the phi- 
losopher'’s chief agents of combustion. On a emall scale 
wo can roadily produce, with the purely invisible rays of 
the electric light, all that Archimedes is said to have per- 
formed with the sun’s total radiation, Plaeing behind 
the electric light a small coneave mirror, the rays are 
converged, the cone of reflected rays and their point of 
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| convergence being rendered clearly visible by the dust 
always floating in the air. Placing between the In- 
minous foeus and the source of mys our solution of 
iodine, the light of the cone is entirely cut away ; but the 
intolerable heat experienced when the hand is placed, 
even for a moment, at the dark focus, shows that the 
calorific rays pass unimpeded through the opaque solution. 
Almost anything that ordinary fire can effect may be 
accomplished at the focus of invisible rays; the air at the 
focus remaining at the same time perfectly cold, on ac~ 
count of its transparency to the hent-rays. An air ther- 
mometer, with a hollow rock-talt, bulb, would be unaffected 
by the heat of the focus: there would be no expansion, 
and in the open air there is no convection, The asther at 
the focus, and not the air, is the substance in which the 
heat is embodied. A block of wood, placed at the focus, 
absorbs the heat, and dense volumes of smoke rize swiftly 
upwards, showing the manner in which the air itself 
would rise, if the invisible rays wore competent to heat: 
it, At the perfectly dark focus dry paper is instantly 
inflamed: chips of wood ure xpeedily burnt up : lead, tin, 
and zine are fused: and disks of charred paper are raised 
to vivid incandescence. It might be supposed that the 
obscure mys would show no preference for black over 
white; but they do show a preferonce, and to obtain 
rapid combustion, the body, if mot already black, ought 
to be blackened. When metals are to be burned, it is 
pecemary to blacken or otherwise tarnish them, so as to 
diminish their reflective power. Blackened zine foil, 
when brought into the focus of invisible rays, is instantly 
caused to blaze, and burns with its peculiar purple flame. 
wire fattened, or tarnished magnesium ribbon, 

ulso bursts into splendid combustion. Pieces of charcoal 
fuspended in a recciver full of oxygen are also set on 
fire: the dark rays, after having passed through the re- 


—— 
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ceiver, still pescsing suifeient power to ignite the ehar- 
eval, and thus initiste the attack of the oxygen. If, 
insead of being plunged im oxygen, the chareoal be su- 
pended in vacuo, ir immediately glows at the place where 
the foeus falls. 


8, Transmutation of Raya:' Calorescence. 


Eminent experimenters were long occupied in demon 
strating the sulctantial identity of light and radiant heat, 
and we have now the means of offering a new and striking 
proof of this identity. A concave mirror produces, beyond 
the object which it reflects, an inverted and magnified 
image of the object ; withdrawing, for example, our iodine 
solution, an intensely lumincus inverted image of the 
carbon peints of the electric light is formed at the focus ot 
the mirror emplosedin the foregoing experiments. When 
the solution is interposed, and the light is cut away, what 
becomes of this image? It disappears from sight ; but an 
invisible thermograph remains, and it is only the peculiar 
constitution of our eyes that disqualifies us from seeing 
the picture formed by the calorific rays. Falling on white 
paper, the image chars iteelf out: falling on black paper, 
two holes are pierced in it, corresponding to the images 
of the two coke points: but falling on a thin plate of carbon 
in vacuo, or upon a thin sheet of platinised platinum, either 
in vacuo or in air, radiant heat is converted into light, 
and the image stampe itself in vivid ineandescence upon 
both the carbon and the metal. Results similar to those 
obtained with the electric light have also been obtained 
with the invisible rays of the lime-light and of the sun. 
Before a Carabridge audience it is hardly necessary to 
refer to the excellent researches of Professor Stokes at the 


' L borrow this torm from Professor Challis, ‘Philosophical Magazine, 
xii, p. 621, 
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opposite end ofthe spectrum. The above results constitute 
a kindof complement to hisdiscorerics. Professor Stokes 
named the phenomena which he bas discovered and in- 
vestigated Fluorescence; for the new phenomena here 
described 1 have proposed the term Calorescenee. He, 
ly the interposition of a proper medium, so lowered the 
refrangibility of the ultra-violet mays of the spectrum as 
to render them visible. Here, by the interposition of the 
platinum foil, the refrangibility of the ultra-red rays is 
so exalted as to render them visible. Looking through 
4 prism at the incandescent image of the carbon points, 
the light of the image is deeomposed, and a complete 
spectrum obtained. ‘The invisible rays of the electric Hight, 
remoulded by the atoms of the platinum, shine thus visibly 
forth; ultra-red rays being converted into red, orange, 
yellow, green, blue, indigo, violet, and ultra-violet ones, 
Could we, moreover, raise the original source of rays to a 
sufficiently high temperature, wo might not only obtain 
from the dark rays of such a source a single incandescent 
image, but from the dark rays of this image we might obtain 
a second one, from the dark rays of the second a third, 
and so on—n series of complete images and spectra being 
thus extracted from the invisible emission of the primitive 
source.! 

+ On investigating tho caloreseonce produced by euye transmitted theongh 
ginsses of varioue coloare, it was found that in the cnse of cortain specimens 
of bine glass, the platinum foil glowed with » pink or purplish tight. ‘The 
feet wan not suibjective, and conxideritions of obvious interest ato mig- 
gested by it. Difforent kinds of Linck glass ditfer notably asto thelr pownr 


a tho phonomena of *ealoressenca’ may bo obtained, though in a 
lows es tian). Set ‘Tha bilsck gluse chown far 
thermometers, and intended to sbsorb eomplotely tho solar bout, may en- 
threlly foil in this object, if tho glaxa in which tho carbon is incorporate wm 
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9, Deaitnees of the Optic Nerve to the Calorifie Raya. 


‘The layer of iodine used in the forogoing experiments 
intercepted the rays of the noonday sun. No tree of 
light from thoelectric lamp was visible in the darkest: room, 
even when a white sereen was placed at the focus of the 
mirror employed to concentrate the light. It was thought, 
however, thut if the retina itself were brought into the | 
focus the sensation of light might be experienced. ‘The 
danger of this experiment was twofold. If the dark rays 
were abvorbed in a high degree by the humours of the eye 
the albumen of the humours might coagulate along the 
line of the rays, If, on the contrary, no such high absorp 
tion took place, the rays might reach the retina with « 
force sufficient to destroy it. To test the likelihood of 
these results, experiments were made on water and on 
solution of alum, and they showed it to be very improbable 
that in the brief time requisite for an experiment any 
serious damage could be done. The eye wns therefore 
caused to approach the dark focus, no defence, in the fire 
instance, being provided ; but the heat, acting upon the 
parts surrounding the pupil, could not he borne, Aw 
aperture was therefore pierced in a plate of metal, and the 
eye, placed behind the aperture, was caused to approach 
the point of convergence of invisible rays, The focus was 
attained, first by the pupil and afterwards by the retina. 
Removing the eye, but permitting the plate of metal ta 
remain, a sheet of platinum foil was placed in the position 
occupied by the retina a moment before. The platinum 


colourlons, ‘To render the bulb of a thermometor = porfeet adsorbent the 
{pluses ought in tho firet inetunoe to bo grees, Soon xfer the disscwory of 
fluoresceve» tho Tato Dr. William Allen Milloe pointed to the Mpetight 
fas an illustration of exalted refrangibility, Direct experimonta have 
since entirely confirmed the viow expremed at page 210 of his work ea 
*Qhomistry * published in 1850, 
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Decame red-hot. No sensible damage was done to the eye 
by this experiment; no impression of light was produced; 
the optic nerve was not even conscious of heat. 

But the humours of the eye are known to be highly 
impervious to the invisible calorific rays, and the question 
therefore arises, “Did the radintion in the foregoing expe- 
riment reach the retina at all?’ The answer is, that the 
rays were in part transmitted to the retina, and in part 
absorbed by the humours. Experiments on the eye of an 
ox showed that the proportion of obscure rays which reached 
the retina amounted to 18 per cent. of the total radiation ; 
while the Luminous emission from the electric light amounte 
to no more than 10 per cent. of the same total. Were the 
purely Iuminons mys of the electric lamp converged by 
our mirror to a focus, there can be no doubt as to the fate 
of a retina placed there, Its ruin would be inevitable ; 
and yet this would be accomplished by an amount of wave~ 
motion but little more than half of that which the retina 
tears, without exiting consciousness, at the focus of in~ 
visible raya. 

‘This subject will repay a moment's further attention. 
Ata common distance of a foot the visible radiation of 
the electric light is 800 times the light of acandle, At 
the same distance, the portion of the nuliation of the 
electric light which reaches the retina, but fail to excite 
vision, is about 1,600 times the luminous radiation of the 
candle. But a candle ona clear night can readily be 
seen at a distance of a mile, its light at this distance 
being lew than sata: of ite light at the distance of a 
foot. Hence, to make the candle-light a mile off equal 
in power to the non-luminous radration received from the 
electric light ata foot distance, its intensity would have 


1 Tewill be borne in tind that the heot whieh nny may, luminous or now- 
Luminous, is compotent to gonerato is tho trun messuro of tho eaergy of the 
ry. 
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to be multiplied by 1,600 x 20,000,000, or by thirty 
thovsend millions. Thus the thirty thoumnd millionth 
part of the invisible radiation from the electric light, re- 
ceived by the retina at the distance of a foot, would, if 
slightly changed in charactor, be amply sufficient to pro- 
voke vision. Nothing could more forcibly illustrate that 
special relationship supposed by Melloni and others to 
subsist: between the optic nerve and the orcillating periods 
of luminous bodies. The optic nerve responds, as it were, 
to the waves with which it ig im consonance, while it 
rofuzes to bo excited by others of almost infinitely greater 
energy, whose periods of recurrence are not in uniton 
with its own. 


10. Persistence of Rays. 


At an early part of thie lecture it was affirmed, that 
when a platinum wire was gradually raised to a state of 
high incandescence, new rays were constantly added, 
while the intensity of the old ones was increased, Thus, 
in Dr. Draper's experiments, the rise of temperature that 
generated the orange, yellow, green, and bluc atigmented 
the intensity of the red. What is trae of the red is true 
of every other ray of the epectrum, visible and invisible, 
We cannot indeed sea the augmentation of intensity in 
the region beyond the red, but wo can measure it amd 
express it numerically. With this view the following 
experiment was performed: A spiral of platinum wirs 
was surroundisl by a small glass globe to protect it from 
enrrents of air; through an orifice in the globe the rays 
could pass from the spiral and fall afterwards upon a 
thermo-electric pile. Placing in front of the orifice an 
opaque solution of iodine, the platinum was gradually 
raised from a low dark heat to the fullest incandescence, 
with the following results :— 
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Duk . ia Mie tipie eect 
Derk, but hotter ae, gh ar Lie 
Dark, but still hotter ost eaaB 
Dark, but still hotter £ Pies at Ae 
Foblord . 2; 1 1 + 9 
Dull red : Be ay HEB 
Red . . . . . . . 37 
Fall red 62 
Orange . 4 89 
Brightorange . . . we MA 
‘Yellow . . . . . . + 202 
White. ‘ + + 316 
Intense white 7 + + M0 


Thus the augmentation of the electric current, which 
raises the wire from its primitive dark condition to an 
intense white heat, exalts at the same time the energy of 
the obscure radiation, until at the end it is fully 440 
times what it was at the beginning. 

‘What has been here proved true of the totality of the 
ultra-red rays is true for each of them singly. Placing 
our linear thermo-clectric pile in any part of the ultra-red 
spectrum, it may be proved that a ray once emitted con- 
tinues to be emitted with increased energy as the tem- 
perature is augmented. The platinum spiral, so often 
referred to, being raised to whiteness by an electric current, 
a brilliant spectrum was formed from its light. A linear 
thermo-clectric pile was placed in the region of obscure 
rays beyond the red, and by diminishing the current the 
spiral was reduced to a low temperature. It-was then 
caused to pass through various degrees of darkness and 
incandescence, with the following results :— 


Bnergy of 
it pion obscure rays 
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Here, as in the former ense, the dark and bright m 
diations reached their maximum together; as the our 
augmented, the other augmented, until at last the energy 
of the obscure rays of the particular refrangibility here 
chosen, became 122 times what it was at first. To reach 
a white heat the wire has to pass throngh all the stages 
of invisible radiation, and in its most brilliant condition 
it cmbmees, in an intensified form, the rays of all thos 


Be 

And thus it is with all other kinds of matter, os far 
as they have hitherto been examined. Coke, whether 
brought to a white heat by the electric current, or by 
tho oxyhydrogen jet, pours out invisible rays with aug. 
mented energy, us its light is increased. The same is 
true of lime, bricks, and other substances. It is trae ef 
all metals which are capable of being heated to inean- 
descence, It also holds good for phosphorus burning in 
oxygen. Evory gush of dazzling light has associated 
with ita gush of invisible radiant heat, which far tran- 
scends the light in energy. ‘This condition of things 
applies to all bodies capable of being raised to a white 
heat, either in the solid or the molten condition, Tt 
would doubtless also apply to the luminous fogs formed 
by the condenmtion of incandescent vapours. Tn such 
cases when the curve representing the radiant energy of 
the body is constractod, the obscure mination towers up- 
wards like 9 mountain, the luminous radiation resembling 
mere epur at ite base. From the very brightness of the 
light of some of the fixed stars we may infer the intensity 








we have now to tum oar attention to the vapours of 
volatile liquids. Here, as in the case of the gases, yast 
differences have been proved to exist between various 
kinds of molcculcs, as regards their power of intercepting 
the calorific waves, While some vapours allow the waver 
a comparatively free passage, the minutest bubble of other | 
vapours, introduced into the tube already employed for 
gases, causes a deflection of the magnetic needle. Assum- 
ing the absorption effected by air, at a pressure of one 
atmosphere, to be unity, the following are the alworptions 
effected by a series of vapours at a pressure of J:th of an 





Bisulphide of carbon is the moet transparent vapour In 
this list; and acetic ether the most opaque; giyth of an 
atmosphere of the former, however, produces 47 times 
the effect of a whole atmosphere of air, while oth of an 
atmosphere of the latter produces 612 times the effeet of 
a whole atmosphere of air, Reducing dry air to the pres 
sure of the acetic ether hero employod, and comparing 
them then together, the quantity of wave-motion inter 
cepted by the ether would be many thousand times that 
intereopted by the air. 

Any one of these vapours discharged inte the free atmo- 
sphere, in front of a body emitting obscure rays, intercupts 
more or less of the radiation, A similar effeet is pro- 
Auced by perfumes diffused in the air, though their nt= 
tennation is known to be almost infinite. Carrying, for 
example, a current of dry air over Libulous paper, moist- 
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ened ‘by patchouli, the scent taken up by the current 
absorbs 30 times the quantity of heat. intercepted by the 
air which carries if; and yet patchouli acts more feebly 
on radiant heat than any other perfume yet examined. 
Here follow the results obtained with various essential 
oil, the odour, in each case, being carried by a current 
of dry air into tho tube already employed for gases and 
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"Thus the absorption by a tube full of dry air being 1, 
that of the odour of patchouli diffused in it is 30, that of 
lavender 60, that of rosemary 74, whilst that of aniseed 
amounts to 372, It would be idle to speculate on the 
quantities of matter concerned in these actions. 


12. Aqueous Vapour in relation to the Terrestrial 
Temperatures. 


‘We are now fully prepared for a result which, without 
such preparation, might appear incredible. Water is, to 
fome extent, » volatile body, and our atmosphere, resting, 





‘the 
air, the equeens. vapour (ib cottaldaise, i aliceaaenaes 
tesimal amount, 094 out of every 100 parts of the atmo> 
sphere being composed of oxygen and nitrogen. In the 
absence of experiment, we should never think of aseribing 
to this seant and varying constituent any important in- 
fluence on terrestrial radiation ; and yet its influence is 
far more potent than that of the great body of the air 
To say that on o day of average humidity in England, 
the atmospheric vapour exerts 100 times the action of 
Ube air itself, would certainly be an understatement of the 
fact. The peculiar qualities of this vapour, and the iz 
cumstance that at ordinary temperatures it is very near its 
point of condensation, render the reaults which it yields 
in the apparatus already described, less than the truth; 
and Tam not prepared to say that the absorption by this 
substance is not 200 times that of the sir in which it is 
diffused. Comparing a single molecule of aqueous vapour 
with an atom of cither of the main constituents of our 
atmosphere, I am not prepared to say how many thou- 
sand times the action of the former excoods that of the 
latter. 

But it must be borne in mind that these large 
numbers depend, in part, on the extreme feebleness of 
the air; the power of aqueous yapour seems vast, because 
that of the air with which it is compared is infinitesimal. 
Absolutely considered, howover, thie substance, notwith- 
standing its small specific gravity, exercises a very potent 
action. Probably from 10 to 16 per cent. of the heat 
radiated from the earth is absorbed within 10 or 20 feet of 
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the earth’s surface. This must evidently be of the utmost 
consequence to the life of the world. Imagine the super- 
ficial molecules of the earth trembling with the motion of 
beat, and imparting it to the surrounding aether; this 
totion would be carried mpidly away, and lost for ever to 
our planet, if the waves of acther had nothing but the air 
to contend with in their outward course, But the aqueous 
vapour takes up the motion of the actherenl waves, and 
becomes thereby heated, thus wrapping the earth like a 
warm garment, and protecting its surface from the deadly 
ehill whicl it would otherwise sustain, Various philo-~ 
sophers have speculated on the influence of an atmospheric 
envelope. De Saussure, Fouricr, M. Pouillet and Mr. 
Hopkins have, one and all, enriched scientific literature 
with contributions on this subject, but the considerations 
which these eminent men have applied to atmospheric air, 
have, if my experiments be correct, to be transferred to 
‘the aqueous vapour. 

‘The obsorvations of meteorologists furnish important, 
though hitherto unconscious, evidence of the influence of 
this agent. Wherever the air is dey we are liable to 
daily extremes of temperature. By day, in such places, 
the sun's heat reaches the earth unimpeded, and renders 
the maximum bigh; by night, on the other hand, the 
earth's beat, eacapes unhindered into space, and renders the 
minimum low. Henee the difference between the maxi- 
mumand minimum is greatest where the air is driest. 
Tn the plains of India, on the heights of the Himalaya, 
in central Asia, in Australia—wherever drought reigns, 
we have the heat of day forcibly contrasted with the chill 
of night. In the Sabara itself, when the sun’s rwys ccase 
to impinge on the burning soil, the temperature runs 
rapidly down to froezing, because there is no vapour over- 
thead to cheek the calorific drain, And here another 
iustanee might be added to the numbers already known, 
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in which nature tends as it were to check her own excess. 
By nocturnal refrigeration, the aqueous vapour of the air 
is condensed to water on the surfies of the earth ; and, as 
only the superficial portions radiate, the act of condensa- 
tion makes water the radiating body, Now experiment 
proves that to the rays emitted by water, aqueous vapour 
da especially opaque. Hence the very act of condensation, 
consequent on terrestrial cooling, becomes a snfeguard to 
the earth, imparting to its radiation that particular cha- 
meter which renders it most liable to be prevented fro 
escaping into space. 

Tt might however be urged that, inasmuch as we 
derive all our heat from the sun, the selfmme covering 
which protects the earth from chill must alzo shut out 
the solar mdistion, ‘This {8 partially trae, but only 
partially ; the sun’s rays are difforont in quality from the 
earth's rays, and it does not at all follow that the sub- 
stance which absorbs the one must necessarily absorb 
the other. Through a layer of water, for example, one 
tenth of an inch in thickness, the sun's rays are trans 
mitted with comparutive freedom ; bub through # layer 
half this thickness, as Meloni has proved, no single xay 
from the warmed earth could pass. In like manner, the 
sun's rays poss with comparative freedom through the 
aquoous vapour of the nir: the absorbing power of this 
eubstance being mainly exerted upon the heat that 
endeavours to eseape from the earth. In eonsequenes of 
this differential action upon solar and terrestrial heat, the 
mean temperature of our planet is higher than is due to 
its distance from the sun, 





13. Liquids and their Vapours in relation to 
Radiant Heat. 


‘The deportment here assigned to atmospheric rapour 
has been established by direct experiments on air taken 
from the streets and parks of London, from the downs of 
Epsom, from the hills and sca-beach of the Isle of Wight, 
and also by experiments on air in the first instance dried, 
and afterwards rendered artificially humid by puro dis 
tilled water. It haa also been established in the following 
way : Ten volatile liquids were taken at random and the 
power af these liquids, at a common thickness, to inter- 
cept the waves of heat, was carefully determined. The 
vapours of the liquids were next taken, in quantities pro~ 
portional to the quantities of liquid, and the power of the 
vapours to intercept the waves of heat was aleo deter- 
mined, Commencing with the substanco which exerted 
the least absorptive power, and proceeding onwards to the 
most energetic, the following order of absorption was ob- 
served -— 


Visulphide of carbon, Bisulphide of euebom, 
Terlide cf methyl. odie af methyl 
Todide of ethyl. Todide of ethyl. 
Beni, Bensol. 

Amylene. Amylene. 
Sulphuric c¢her, Sulphuric other. 
Acetic ethor. Acetic other. 

Formio ether, ‘Formio ether, 
Alcohol. Alcohol. 

Woer. 


We here find the order of absorption in both cases to 
be the same. We have liberated the molecules from the 
bonds which trammel them more or less in a liquid condi+ 
tion; but this change in thoir state of aggregation does 
‘not change their relative powers of absorption. Nothing 





o FRAGMENTS OF SCIENCE. 


pends upon the individual molecule, which equally nesorts 
its power in the liquid and the gaseous state. We may 
assuredly conclude from the aboye table that the position 
of a vapour is determined by that of its liquid. Now at 
the very foot of the list of liquids stands water, signalising 
itself above all others by its enormous power of absorption, 
And from this fact, even if no direct experiment on the 
vapour of water had ever been made, we should be en- 
titled to rank that vapour as our most powerful absorber 
of radiant heat. Its attenuation, however, diminishes its 
action. It has been proved that a shell of air two inches 
in thickness surrounding our planet, and saturated with the 
vapour of sulphuric ether, would intercept 36 per cent. of 
the earth’s radiation. And though the quantity of aqueous 
vapour necessary to saturate air is much less than the 
amount of sulphuric ether vapour which it can snstain, it 
is still extremely probable that the estimate already mate 
of the action of atmospheric vapour within 10 feet of 
the carth’s surface, is under the mark; and that we are 
indebted to this wonderful substance, to an extent not 
accurately determined, but certainly far beyond what has 
hitherto been imagined, for the temperature now existing 
at the surface of the globe, 


14. Resiprocity of Radiation and Absorption. 


Throughout the reflections which have hitherto oecn- 
pied us, the image before the mind has been that of a 
radiant source generating calorific waves, which on passing 
among the scattered molecules of a gas or vapour were 
intercepted hy those molecules in various degrees. In 
all cases it was the transference of motion from the aether 
to the comparatively quiescent molecules of the gas or 
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vapour. We have now to change the form of our concep- 
tion, and to figure these molecules not as absorbers but as 
radiators, not as the recipients but as the originators of 
wave-motion. That is to say, we must figure them vibra 
ting, aud generating in the surrounding aether undulations 
whieh speed through it with the velocity of light. Oar 
object now is to enquire whether the act of chemical com- 
bination, which proves so potent as regards the phenomena 
of absorption, does not also manifest its powor in tho 
phenomena of radiation. For the examination of this 
question it is necessary, in the first place, to heat our gases 
and vapours to the same temperature, and then examine 
their power of disebarging the motion thus imparted to 
them upon the acther in which they «wing. 

A heated copper ball was placed above a ring gas- 
burner, possessing @ great number of small apertures, the 
burner being counected by a tube with vessels containing 
the various gases to be examined. By gentle pressure 
the gases were forced through the orifices of the burner 
against the copper ball, where each of them, being heated, 
ross in an ascending column. A thermoelectric pile, 
entirely screened off from the hot ball, was exposed to the 
radiation of the warm gas, and while deflection of a 
magnetic needle connected with the pile declared the 
energy of the radiation. 

By this mode of experiment it was proved that the 
selfiame molecular arrangement which renders a gas a 
powerful absorber, renders it in the same degree a powers 
ful radintor—that the atom or molecule which is com- 
petenb to intercept the calorific waves is, in the same 
degres, competent to generate them. Thus, while the 
atoms of elementary gusex proved themsclyes unable to 
emit any sensible amount of radiant heat, the molecules 
of compound gases were shown to be eapable of power- 
fully disturbing the surounding acther. By special motes 





of the simplest character, is still within your grasp. When 
air is permitted to rush into an exhausted tube, the tem- 
perature of the air is raised to a degree equivalent to the 
vis vive extinguished.’ Such air is said to be dynami- 
cally heatod, and, if pure, it shows itself incompetent te 
radiate, even when a rock-salt window is provided for tbe 
passage of its rays, But if instead of being empty the 
tube contain a small quantity of vapour, then the warmed 
air will communicate heat by contact to the vapour, 
which will be thus enabled to radiate. Thus the moloenles 
of the vapour convert into the mdiant form the beat 
imparted dynamically to the atoms of the air. By this 
process, which I have called Dynnmic Radiation, the 
nidiative power of both vapours and guaes has been de- 
termined, and the reciprocity of their radiation and ab- 
sorption proved.? 

Tn the excellent researches of Leslie, De la Provostayo 
and Destina, and Balfour Stewart, the reciprocity. of 
radiation and absorption, as regards solid bodies, has been 
variously illustrated; while the labours, theoretical and 
experimental, of Kirchhoff have given this subject a 
wonderful expansion, snd onriched it by applications of 
the highest kind. ‘To their results are now to be added 
tho foregoing, whereby gases and vapours, which havo 
been hitherto thought inacecssible to experiments of this 
kind, are proved to exhibit the duality of xadintion and 


* See pugo 14 for x definition of eis even. 

* Whoa heated air impurta ite motion to another gus or rapour, the 
teanaference of hoat is accompanied by a chang» of vibrating period. ‘The 
Desa Relation of repo ended pole ty th temmnnialen of 
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absorption, the influence of chemical combination on both 
being exhibited in the most decisive and extraordinary 
way. 


15. Influence of Vibrating Period and Molecular Form. 
Physical Analysis of the Human Breath, 


In the foregoing experiments with gases and vapours 
we have employed throughout invisible rays: some of 
‘these bodies are so impervious, that in lengths of a few 
feet, only they intercept every ray as effectually as a 
layer of pitch would do. The substances, however, which 
show themselves thus opaque to radiant heat are perfeotly 
transparent to light. Now the rays of light differ from 
thove of invisible heat, only in point of period, the former 
failing to affect the retina because their periods of recur- 
vance aro too slow. Hence, in some way or other the 
transparency of our gases and vapours depends upon tho 
poriods of the waves which impinge upon them. What 
is the nature of this dependence? ‘The admirable re~ 
searches of Kirchhoff help us to an answer. ‘The atoms 
and molecules of every gus have certain definite rates of 
oscillation, and those waves of acther ure most copiously 
absorbed whose periods of recurrence synchronise with 
the periods of the molecules amongst which they pass. 
‘Thus, when we find the invisible rays absorbed and the 
visible ones transmitted by a layer of gus, we conclude 
that the oscillating periods of the gaseous molecules co~ 
incide with those of the invisible, and not with those of 
the visible 

It requires somo discipline of the imagination to form 
@ clear picture of this process, Such a picture is, however, 
posaible, and ought to be obtained. When the waves of 
aether impinge upon molecules whose periods of vibration 
coincide with the recurrence of the undulations, the time 
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strokes of the waves, the vibration of the molecules 
augments, as a heavy pendulum is set in motion by well- 
timed puffs of breath. Millions of millions of shocks are 
received every second from the calorific waves; and it is 
not difficult to see that as every wave arrives just in time 
to repeat the action of its predecessor, the molecules must 
finally be caused to swing through wider spaces than if 
the arrivals were not so timed. In fact, it is not difficult 
to see that an assemblage of molecules, operated upon by 
contending waves, might remain practically quiescent. 
This is actually the case when the waves of the visible 
spectrum pass through a transparent gas or vapour. There 
is here no sensible transference of motion from the aether 
to the molecules; in other words, there is no sensible ab- 
sorption of heat. 

One striking example of the influence of period may 
be here recorded. Carbonic acid gas is one of the feeblest 
of absorbers of the radiant heat emitted by solid sources. 
It is, for example, to a great extent transparent to the rays 
emitted by the heated copper plate already referred to. 
There are, however, certain rays, comparatively few in 
number, emitted by the copper, to which the carbonic 
acid is impervious; and could we obtain a source of heat 
emitting such rays only, wo should find carbonic acid 
more opaque to the radiation from that source, than 
any other gas. Such a source is actually found in the 
flame of carbonic oxide, where hot carbonic acid con- 
stitutes the main radiating body. Of the rays emitted 
by our heated plate of copper, olefiant gas absorbs ten 
times the quantity absorbed by carbonic acid. Of the 
raya emitted by a carbonic oxide flame, carbonic acid 
absorbs twice as much as olefiant gas. This wonderful 
change in the power of the former, asan absorber, is simply 
due to the fact, that the periods of the hot and cold 
carbonic acid are identical, and that the waves from the 
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flame freoly tranafcr their motion to the molecules which 
synchronise with them. ‘hus it is that the tenth of an 
atmosphere of carbonic acid, enclosed in a tube four feet 
long, absorbs 60 per cent, of the radiation from a carbonic 
oxide flame, while one-thirtieth of an atmosphere absorbs 
48 per cent, of the heat from the same origin. 

In fact, the presence of the minutest quantity of car- 
bonie acid may be detected by its action on the rays 
from the carbonic oxide flame. Carrying, for example, 
the dried human breath into a tube four feet long, the 
absorption there effected by the carbonis acid of the 
breath amounts to 50 per cent. of the entire radiation. 
Radiant heat may indeed be employed axa means of 
determining practically the amount of carbonic acid 
expired from the lungs. My late assistant, Mr. Barrett, 
while under my direction, made this determination. The 
absorption produced by the breath freed from ita moisture, 
but retaining ite carbonic acid, was firet detormined. Car- 
bonie acid, artificially prepared, was then mixed with dry 
airin such proportions that the action of the mixture upow 
the rays of heat was the sameas.that of the dried breath. 
The percentage of the former being known, immediately 
gave that of the latter. The same breath analysed che- 
mically by Dr. Frankland, and physically by Mr. Burnett, 
gave the following results :— 


Pereentage of Corbonic Acid in the Human Broath. 


Cheamoad anaiyae Phpelest ansipais 
1c ate Sear wae a a, 
i ee 


Tt is thus proved that in the quantity of athereal 
motion which it is competent to take up, we have a 
practical measure of the carbonic acid of the breath, and 
hence of the combustion going on in the human Iungs. 

Still this question of period, though of the utmost 
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importance, ie not eompetent to account for the whole 
of the observed facts. The aether, as far as we know, 
sccepts vibrations of all periods with the sume readiness. 
To iv the oscillations of an atom of oxygen are just 
~ aceeptable as those of a molecule of oleGiant gas; that 
the vibrating oxygen thou stands so far below the olefiant 
gas in radiant power must be referred not to period, but 
to some other peculiarity of the elementary gas. ‘The 
atomic group which constitutes the molecule of olefiant 
@™, produces many thousand times the disturbance eaused 
by the oxygen, because the group is able to lay a vastly 
more powerful bold upon the sether than the single atoms 
can. The cavities and indentations of a molecule com- 
posed of spherical atoms may be one cause of this aug- 
mented hold. Another, and probably very potent one may 
be, that the vibrations, being those of the constituent 
atoms of the molecule, are generated in highly condensed 
acther, which acts like condensed air upon sound. But 
whatever may be the fate of these attempts to visualies 
the physics of the process, it will still remain true, that to 
account. for the phenomena of radiation and absorption 
we must take into consideration the shape, size, and can- 
dition of the aether within the molecules, by which the 
acther is disturbed, 


16. Summary and Conclusion, 


Lot us now cast a momentary glance over the ground 
that we have left behind. Tne general nature of light 
and heat was first briefly described: the compounding of 
mutter from elementary atoms, and the influence of the 
act of combination on radiation and absorption, were 
considered and experimentally illustrated. ‘Through the 
transparent elementary gases radiant heat was fowad to 
pasos through vacuum, while many of the compound 
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pes presented almost impassable obstacles to the calorifia 
waves. ‘This department of the simple gases directed our 
attention to other elementary bodies, the examination 
of which Ied to the discovery that the element iodine, 
dimolved in bisulphide of carbon, pomesses the power 


rays up to the extreme red, and permitting the calorific 
rays beyond the red to pats freely through it. This sub- 
stance was then employed to filter the beams of the electric 
light, and to form foci of invisible rays so intense as to 
produce almost all the effects obtainable in an ordinary 
fire. Combustible bodies were burnt, and refractory ones 
were raited to n white heat, by the concentrated invisible 
raye. Thus, by oxalting their refrangibility, the invisible 
ays of the electric light were rendered visible, and all the 
colours of the solar spectrum were extracted from utter 
darkness. The extreme richness of tho electric light in 
invisible rays of low refrangibility was demonstrated, one- 
eighth only of its radiation consisting of luminous rays. 
‘Vhe deadness of the optic nerve to those invisible mys 
owns proved, and experiments were then added to show that 
the bright-and the dark rays of a solid body, raised gradu- 
ally to intense incandescence, are strengthened together; 
intense dark heat being an invariable accompaniment of 
intense white heat. A sun could not be formed, or a 
meteorite rendered Luminous, on any other condition. The 
light-giving rays constituting only n small fraction of the 
total radiation, their unspeakable importance to us is due 
to the fact, that their periods are attuned to the special 
requirements of the eye. 
Among the vapours of volatile liquids vast differences 
wero alto found to exist, ox regards their powers of 
We followed various molecules from a state 
of liquid to a state of gas, and found, in both states of 
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aggregation, the power of the individual molecules 
equally asserted. The position of a vapour as an almorber 
of radiant heat was shown to be determined by that of 
the liquid from which it is derived, Reversing our con- 
coptions, and regarding the molecules of gases and vapours 
pot aa the recipionta but as the originators of wave- 
motion; not as abeorbers but as radiators; it was proved 
that the powers of absorption and radiation went hand ia 
hand, the selfsame chemical act which rendered a body 
competent to intercept the waves af aether, rendering it 
competent, in the same degree, to generate them. Pere 
fumes were next subjected to. examination, and, notwith- 
standing their extmordinary teouity, they were found 
vastly superior, in point of absorptive power, tothe body 
of the sir in which they were diffused. We were Ted thas 
slowly up to tho examination of the most widely diffused 
and most important of all vapours—the aqueoms vapour 
of our atmosphere, and we found in it a potent absorbor 
of the purely calorific rays. The power of this substanos 
to influence climate, and its jeneral influence on the 
temperature of the earth, were then briefly dwelt upon 
A cobweb spread above a blossom is sufficient: to protect it 
from nightly chill; and thus the aqueous vapour of our 
air, attennated as it is, checks the drain of terrestrial heat, 
and saves the surfaee of our planet from the refrigeration 
which would assuredly accrue, were no such substance in- 
terpoied betweenit and the voids of space. Weeonsiderod 
the influence of vibrating period, and. molecular form, om 
absorption and radiation, und finally deduced, from its 
action upon mdiant heat, the exact amount of carbonic 
acid expired by the human lungs. 

‘Thus, in brief outline, were placed before you some of 
the results of recent enquiries in the domain of Radiation, 
and my aim throughout bas been to raise in your minds 
distinct physieal images of the various processes involved 





RADIATION, oe 


in our researches. It is thought by some that natural 
science hns a deadening influence on the imagination, and 
a doubt might fairly be raised a8 to the value of any 
study which would necessarily have this offect, But the 
experience of the last hour must, [ think, baye convinced 
you, that the study of natural seience goes hand in hand 
with the culture of the imagination. Throughout the 
greater part of this discourse we have been sustained by 
this fueulty. We have been picturing atoms, and mole= 
cules, and vibrations, and wavee, which eye has never 
seen nor enor heard, and which can only be discerned by 
‘the exercise of imagination. This, in fact, is the faculty 
whieh enables us to transcend the boundaries of sens, 
and connect the phenomena of our visible world with 
those of an invisible one. Withont imagination we never 
could have risen to the conceptions which hare occupied 
us here to-day; and in proportion to your power of exer- 
cising this faculty aright, and of asociating definite mental 
images with the terms employed, will be the pleasure 
and the profit which you will derive from this lecture. 
‘Tho outward facts of nature are insuflicient to satisfy the 
mind, We cannot be contant with knowing that tho light 
and heat of the sun illuminate and warm the world. We 
aare lod irresistibly to onquire, * What is light, and what is 
heat?’ and this question leads us at once outof the region 
of sense into that of imagination. 

‘Thus pondering, and questioning, and striving to sup- 
plement that which is felt and econ, but which is incom- 
plete, by something unfelt and unsoen which is nocosmry 
to its completeness, men of genius have in part discerned, 
not only the nature of light and heat, but also, through 
‘them, the general relationship of natural phenomena. The 
working power of Nature is the power of actual or poten- 
tial motion, of which ail its phenomena are but special 
forms, Thin motion manifests iteclf in tangible and in 


= 
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intangible matter, being incossantly transferred from the 
one to the other, and incessantly transformed by the 
change. Tt is as real in the waves of the aether as in the 
waves of the sea; the latter—derived as they are from winds, 
which in their turn are derived from the sun—are, indeed, 
nothing more than the heaped-up motion of the former. 
It is the calorific waves emitted by the sun which heat our 
air, produce our winds, and hence agitate our ocean. And 
whether they break in foam upon the shore, or rub silently 
against the ocean's bed, or subside by the mutual friction 
of their own parts, the sea waves, which cannot subside 
without producing heat, finally resolve themselves into 
waves of acther, thus regenerating the motion from which 
their temporary existence was derived. This connection 
is typical. Nature is not an aggregate of independent 
parts, but an organic whole, If you open a piano and 
sing into it, a certain string will respond. Change the 
pitch of your voices tho first string cones to vibrate, but 
another replies. Change again the pitch; the first two 
strings are ailent, while another reiounds. Now in alter- 
ing the pitch you «imply change the form of the motion 
communicated by your vocal chords to the air, one string 
responding to one form, and another to another, And 
thus is sentient man acted on by Nature, the optic, the 
auditory, and other nerves of the human body being so 
many strings differently tuncd, and responsive to different: 
forms of the universal power, 
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ON RADIANT HEAT IN RELATION TO THE COLOUR 
AND CHEMICAL CONSTITUTION OF BODIES, 


1808, 


of the most important functions of physical science, 
considered as a discipline of the mind, is to onable us 
by means of tho tangible procosses ot Nature to apprehend 
the intangible. The tangible processes give direction to 
the line of thought; but this once given, the length of 
the line is not limited by the boundaries of the senses. 
Indeed, the domain of the senses, in Nature, is almost in 
Guitely small in comparison with the vast region accessible 
to thought which liee beyond them. From a few observa- 
tions of o comet, when it comes within the range of his 
telescope, an astronomer can calculate ite path in regions 
which no telescope can reach; and in like mannor, by 
means of data furnished in the narrow world of the sense, 
we make ourselves at home in other and wider worlds, 
which can be traversed by the intellect alone. 

From the earlicst oges the questions, ‘ What is light ?* 
and ‘ What is heat?’ have occurred to the minds of men ; 
but these questions never would haye been answered had 
they not been proceded by the question, ‘ What is sound?" 
Amid the grosser phenomena of acoustica the mind was 
first disciplined, conceptions being thus obtained from 
direct observation, which were afterwards applied to pho- 
omena of a character far Loo subtle to be ctuerved directly. 
Sound we know to be duc to vibratory motion. A vibrating 


tuning-fork, for example, moulds the air 
undulations or waver, which speed away on : 
certain measured velocity, impinge upon the 
the ear, shake the auditory nerve, and awake in the Grain 
the sensation of sound. Whon sufficiently near a sounding: 
body we can feel the vibrations of theair. A deaf man, 
for example, plunging his hand into a bell whem it ix 
sounded, feels through the common nerves of his bedy 
those tremors which, when imparted to the nerves of 
healthy ears, are translated into sound, There are various 
ways of rendering those sonorous vibrations not only 
tangible bat visible; and it was not until numberlors ex- 
periments of this kind had been executed, that the scien~ 
tific investigator abandoned himself wholly, and without a 
shadow of misgiving, to the conviction that what is sound 
within us is, outside of us, a motion of the air. 
But once having established this fact—onee having 
proved beyond all doubt that the sensation of sound is 
produced by an agitation of the nerve of the ear—the 
thought soon suggested iteclf that light might be due to 
an agitation of the nerve of the eye. This was a great 
stop in advance of thnt ancient notion which regarded 
light a3 something emitted by the eye, and not as any~ 
thing imparted to it. But if light be produced by an 
agitation of the optic nerve or retina, what is it that pro- 
duces the agitation ? Newton, you know, supposed minute 
particles to be shot through the humours of the eye against 
the retina, which he supposed to hang like a target at the 
back of the eye. The impact of these particles against 
the targut, Newton believed to be the cause of light. But: 
Newton's notion has not held its ground, being ontirely 
driven from the fiold by the more wonderful snd far more 
philosophical notion that light, like sound, is a product 
of wave-motion. 

The domain in which this motion of light is carried on 
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‘ 
ties entirely beyond the reach of our senses. The waves of 
light require a medium for their formation «and propaga- 
tion; bat we cannot see, or feel, or taste, or smell this 
medium. How, then, has its existence been established ? 
By showing, that by the assumption of this wonderful in- 
tangible aefher, all the phenomena of optics are accounted 
for, with a fulness, and clearness, and conclusiveness, which 
leave no desire of the intellect unsatisfied. When the law 
of gravitation first suggested itself to the mind of Newton, 
what did he do? He set himself to examine whether it 
accounted for all the facte, Ho determined the courses 
of the planets; he calculated the rapidity of the moon's 
fall towards tho earth he considered the precession of the 
expuinoxes, the ebb and flow of the tides, and found all ex- 
plained by the law of gravitation. He therefore regarded 
this law as established, and the verdict of science subse= 
quently confirmed his conclusion. On similar, and, if 
possible, on stronger grounds, we found our belief in the 
existence of the universal acther. It explaing facts far 
more various and complicated than those on which Newton 
Dased his Jaw. If a single phenomenon could be pointed 
out whieh the aether is proved incompetent to explain, we 
should have to give it up; but no such phenomenon has 
ever been pointed ont, It is, therefore, at least as certain 
thab space is filled with a medium, by means of which suns 
‘and stars diffuse their radiant power, a4 that it is traversed 
ry that foree which holds in its grasp, not only our plane- 
tury system, but the immeasurable heavens themeelves, 
‘Where ia no more wonderful instance than this of the 
production of a line of thought, from the world of the senses 
intothe region of pure imagination. [mean by imagination 
here, not that play of fancy which can give toairy nothings 
@ loeal habitation and a name, but that power which 
enables the mind to conceive realities which lic beyond 
the range of the senses—to present to iteclf distinet 
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Roa : 
images of proceses which, though mighty in the aggre 
gate beyond all conception, are so minute i 

to elude all observation. It is the waves of air | < 
by a taning-fork which render its vibrations audible, 
It is the waves of acther sent forth from those lamps over- 
head which render them luminous to us; but s0 minute 
are those waves, that it would take from 30,000 to 60,000 
of them placed end to end to cover a single inch. Their 
number, however, compensates for their minuteness, 
‘Trillions of them have entered your eyes, and hit the 
retina at the back of the eye, in the time consumed in the 
utterance of the shortest sentence of this discourse. This 
is the steadfast result of modern research ; but we never 
could have reached it without previous discipline. We 
nover could have measured the waves of light, nor even 
imagined them to exist, had wo not previously exercised 
ourselves among the waves of sound. Sound and light 
are now mutually helpful, the conceptions of each being 
expanded, strengthened, and defined by the conceptions of 
the other. 

The aether which conveys the pulses of light and heat 
not only fills celestial space, swathing suns, and planctas, 
and moons, but it also encircles the atoms of which 
these bodies are compoeed. It is the motion of thess 
atoms, and not that of any sensible parts of bodies, that 
the acther conveys; it is thie motion that constitutes 
the objective cause of what, in our sensations, are light 
and heat. An ntom, then, sending its pulses through 
the aether, resembles a tuning-fork sending its pulses 
through the air. Let us look for a moment at this thrill- 
ing medium, and briefly consider its relation to the bodies 
whose vibrations it conveys. Different bodies, when heated 
to the same temporature, poscas very different powers of 
agitating the aether: some are good radiatore, others are 
bod radiators; which means that some are 80 constituted 
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3 to communicate their motion freely to tho sethor, 
producing therein powerful undulations; while others are 
unable thus to communicate their motion, but glide 
through the medium without materially disturbing its re- 
pose. Recent experiments have proved that elementary 
bodies, except under certain anomalous conditions, belong 
to the clas: of bad radiators. An atom, vibrating in the 
aether, resembles a naked tuning-fork vibrating in the air. 
‘The amount of motion communicated to the air by the thin 
prongs is too small to evoke at any distance the sensation 
of sound. But if we permit the atoms to combine chemi-~ 
cally and form molecules, the result, in many casos, is an 
enormous change in the power of radiation, The amount 
of aethereal disturbance, produced by the combined atoms 
ofa body, may be many thousand times that produced by 
ite constituent ators when uncombined. The effect is 
roughly typified by a tuning-fork when connected with 
its resonant case. The fork and ite case swing as a 
compound system, and the vibrations which were before 
fnandible, are now the source of a tusieal sound 80 power 
ful, that it might be plainly heard by thousands at once. 
‘The fork and its case combined may be roughly regarded 
43 & good radiator of sound, 

‘Tho pitch of wmusical note depends upon the rapidity 
of its vibrations, or, in other words, on the longth of ita 
waves. Now, the piteh of a note answors to the colour 
of light. Taking a slice of white light from the sun, or 
from an electric lamp, and causing the light to pms 
through an arrangement of prisms, it is decomposed. We 
have the effect obtained by Newton, who first unrolled 
the solar beam into the splendours of the solar spectrum. 
At one end of this spectrum we have red light, at the 
other, violet; and between those extremes lie the other 
prismatic colours. As we advance along the spectram 
Semen the violet, the pitch of the Light—it £ 


— 
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may use the expresaion—heightens, the seneation of violet 
being produced by a more rapid succession of impulses thas 
that which produces the impression ofred. ‘The vibrations 
of the violet are about twice as rapid as those of the red; is 
other words, the range of the visible spectrum is about an 
octave, - 

There is no solution of continuity in this spectrum; 
one colour changes into another by insensible gradations 
It ie a8 if an infinite number of tuning-forks, of gradually 
augmenting pitch, were vibrating at the eme time. But 
turning to another spectrum—that, namely, obtained from 
the incandescent. vapour of silver—you observe that it 
consists of two narrow and intensely luminous greea 
bonds, Here it is as if two forks only, of slightly different 
pitch, were vibrating. The length of the waves which 
produce this firet band is such that 47,460 of them, placed 
end to end, would fill an inch. The waves which pro- 
duce the second band are a little shorter; it would take 
of these 47,920 to fillan inch, In the case of the firt 
band, the number of impulses imparted, in one second, to 
every eye which sees it, is 577 millions of millions; 
while the number of impulsea imparted, in the same time, 
by the second band is 600 millions of millions We 
may project upon a white screen the besutiful stream of 
groom light from which these bands were derived. ‘This 
luminous stream is the incandescent vapour of silver. 
‘The rates of vibration of the atoms of that vapour are as 
rigidly fixed ax those of two tuning-forks; and to whate 
ever height the temperature of the vapour may be raised, 
the rapidity of its vibrations, and consequently its colour, 
whieh wholly deponds upon that rapidity, remain un- 
changed. 

The vapour of water, as well as the vapour of silver, 
has its definite periods of vibration, and these are such as 
to disqualify the vapour, when avting freely as sueb, from 








close to the mounted one, but not into actual contact with 
it, out of the silence rises a mellow sound, Whenes comes 
it? From the vibrations which have been transferred from 
the dismounted fork to the mounted one. 
‘That the motion should thus transfor itself through the 
air it is necessary that the two forks should be in perfect 
unison. If a morsel of wax not laryer than a pea be placed: 
on one of the forks, it is rendered thereby powerless 
to affect, or to be affected by, the other. Tt ix easy to 
anderstand this experiment. The pulses of the one fork 
can affect the other, because they are perfectly timed. A 
single pulse causes the prong of tho silent fork to vibrate 
through an infinitesimal space. But just as it hag com- 
ploted this small vibration, another pulse is ready to strike 
it, Thus, the impulses add themselves together. In 
the five seconds during which the forks were held near 
each other, the vibrating fork sent 1,280 waves against: 
its neighbour, and those 1,280 shocks, all delivered at the: 
proper moment, all, at T have said, perfectly timed, have 
given such strength to the vibrations of the mounted fork 
us to render thera andible to all. 

Another curious illustration of the influence: of eyn- 
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ehronism on musical vibrations, ix this: Throe small gas 
flames are inserted into threo glasa tubes of different 
lengths. Each of these flames can be cansed to emit 
& musical note, the pitch of which is determined by 
the length of the tube surrounding the flame, The 
shorter the tube the higher is the pitch. ‘The flames are 
now silent within their respoctive tubes, but each of 
themean be caused to respond to a proper note sounded 
anywhere in this room. With an instramont called a syren, 
3 powerful musical note, of increasing pitch, can be pro- 
duced. Beginning with a note of low pitch, and ascending 
gradually to a higher one, we finally attain the note of the 
flame in the longest tube. The moment it is reached, 
the fiame bursts into song. The other flames are still 
silent within their tubes. But by urging the instrument, 
on to higher notes, the second flamo is atarted, and the 
third alone remains, A still higher note starts it also. 
‘Thus, as the sound of the syren rises gradually in pitch, 
it awakens every flame in passing, by striking it with 
a series of waves whose periods of recurrence are similar 
to its own. 

Now the wave-motion from the eyren is in part taken 
up by the fame which synchronires with the waves; and 
had these waves to impingo upon a multitude of flames, 
instead of upon one flame only, the transference might be 
0 great as to absorb the whole of the original wave~motion. 
Let us apply these facts to radiant heat. This blue flame 
is the fame of carbonic oxide; this transparent gas is 
carbonic acid gas. In the blue flame we have carbonic 
acid intensely heated, or, in other words, in a stato of 
intense vibration. It thus resembles the sounding fork, 
while this cold carbonic acid resembles the dilent one. 
What is the consequence? ‘Through the synchronism of 
the hot and cold gas, transmission of the radiant heat of 
the former through the latter is prevented. The cold gps 








pot, far example, aber the luminous raya of the sun, 
though it can absorb the non-luminous rays of the earth. 
This incompetence of the vapour to absorb luminous rays 
is shared by water and ice—in fact, by all really trans- 
parent substances. Their transparency is due to their 
inability to abeorb luminous rays. The molecules of such 
substances are in dissonance with the luminous waves; 
and hence such waves pass through transparent bodier 
without disturbing the molecular rest. A purely luminous 
beam, however intense may be its heat, is sensibly incom- 
petent to melt the smallest particle of ies. We can, for 
example, converge a powerful luminous beam upon a stir 
facecovered with hoar frost, without melting a singlespicala 
of the ice crystals, How then, it may be asked, are the 
snows of the Alps swept away by the sunshine of summer? 
Lanswer, they are not swopt away by sunshine at all, but 
by rays which have no sunshine whatever in them. The 
luminous rays of the sun fall upon the snow-fields and 
are Hashed in echoes from orystal to erystal, but they find 
next to no lodgment within the crystals, ‘They are hardly 
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at all atsorbed, and hence they cannot produce fusion. 
But a body of powerful dark rays is emitted by the sun; 
and it is these that cause the glaciers to shrink and 
the snows to disappear; itis they that fill the banks of 
the Arve and Arveyron, and liberate from their frozen 
captivity the Bhone and the Rhine. 

Placing a concave silvered mirror behind the electric 
light ite raye are converged to a focus of dazzling bril- 
liancy. Placing in the path of the rays, between the light 
and the focus, a vessel of water, and introducing at the 
focus pices of ice, the ice is nat melted by the concen 
trated beam. Matches, at the same place, are ignited, 
and wood is set on fire. The powerful heat, then, of 
this luminous beam is incompetent to melt the ice. On 
withdmwing the cell of water, the ice immediately 
Liquofies, and tho wate? trickles from it in drops, Re- 
introducing the cell of water, the fusion is arrested, 
amd the drops cease to fall. The transparent water of 
the cell exerts no sensible absorption on the luminous 
rays, still it withdraws something from the beam, which, 
when permitted to act, is competent to melt the ice. 
‘This something is the dark radiation of the electric 
light. Again, I place n slab of pure ice in front of the 
electric lamp; send a luminous beam first through our 
coll of water and then through the ice, By means of 
@ lens an image of the slab is cast upon a white ecreen. 
‘Whe beam, sifted by the water, has little power upon the 
jee. But observe what occurs when the water is removed; 
we have here a star and there a star, each star resembling 
a flower of six petals, and growing visibly larger before 
our ayes. As the leaves enlarge, their edges become ser= 
rated, but there is no deviation from the six-rayed type. 
We have here, in fact, the crystallisation of the ice inverted 
by the invisible rays of the electric beam. They take the 
‘molecules down in this wonderful way, and reveal to us 


Wie 


apparently 

adduced in illustration of the action of these Li; 

Theee two powders, for example, are both white, and 
undistipguishable from each other by the eye. The 
Juminons rays of the sun are unabsorbed by both—from 
such rays these powders acquire no heat; still one of 
them, sugar, is heated so highly by the concentrated 
beam of tho olectric lamp, that: it first smokes ech 





transparent: liquids in test-tubes at. the focus, one 

them boils in a couple of seconds, while the Ra 
similar position, is hardly warmed. The boiling-point 
of the fret liquid is 78° C., which is speodily reached ; 
that of the second liquid is only 48° C., which is never 
reached at all. These anomalies are entirely due to the 
‘unseen clement, which mingles with the luminous rays of 
the electric beam, and indeed constitutes $0 per cent, af 
its calorific power. 

A substance, as many of you know, has been discovered, 
by which these dark rays may be detached from the total 
emission of the electric lamp. This ray-tilter is. liquid, 
black as pitch to the luminous, but bright a3 a diamond 
to the non-luminous, radiation. It mercilessly cnts off the 
former, but allows the latter froe transmission, When 
there invisible rays are brought to a focus, at a distanee 
of several feet from the electric lamp, the dark rays form 
an invisible image of their source. By proper means, 
this image may be transformed into a visible one of 
dazzling brightness, Tb might, moreover, be shown, if 
time permitted, how, out of those perfestly dark rays, 
could be extracted, by a procees of transmutation, all the 
colours of the solar spectrum. It might also be proved 
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that those rays, powerful as they are, and sufficient to 
fuse many metals, can be permitted to enter the eye, and 
to break upon the retina, without producing the least 
luminous impression. 

‘The dark rays being thus collected, you we nothing 
at their place of convergence. With a proper thermo- 
meter it could be proved that even the air at the focus 
ds just as cold aa the surrounding air. And mark the 
conclusion to which this leads. It proves the acther at 
the focus to be practically detached from the air,—that 
the most violent aethereal motion may thore exist, without, 
the least ailrial motion. But, though you see it not, there 
fs sufficient heat at that focus to set London on fire. 
‘The heat there ix competent: to raise iron to a temper 
ature at which it throws off brilliant scintillations, I 
can heat platinum to whiteness, and almost fuse that re~ 
fractory metal. It actually can fuse gold, silver, copper, 
apd aluminium. Tho moment, moreover, that wood is 
placed at the foows it bursts into o blaze, 

It has been already affirmed that, whether as regards 
radiation or absorption, the elementary atoms posseza but 
little power. This might be illustrated by a long array 
of facts; undone of the most singular of these is furnished 
‘by the deportment of that extremely combustible substance, 
phosphorus, whe placed at the dark focus, It is impos 
#ible to ignite there a fragment of amorphous phosphorus. 
Bat ordinary phosphorus is a far quicker combustiblo, and 
ita deportment towards radiant heat is still more impressive. 
Ttmay be exposed to the intense radiation of an ordinary 
fire without bursting into flame. It may also be exposed for 
twenty or thirty seconds at an obscure focus, of sufficient 
power to ralse platinum to a red heat, without ignition, 
Notwithstanding the energy of the aethereal waves here 
concentrated, notwithstanding the extremely inflammable 
character of the elementary body exposed to their action, 








them to direct sunshine, and found that they sank to 
different depth in the stiow. The black cloth sank deepest, 
‘the white did not sink at all. Franklin inferred from this 
experiment that black bodies are the best absorbers, and 
white ones the worst absorbers, of radiant heat. Lot 
us test the generality of thix canelusion. Ono of these 
two cards is coated with a very dark powder, and the 
other with a perfectly white one, I place the pow- 
dered surfaces before a fire, and leave them there 
until they havo acquired as high a temperature as they 
can attain in this position, Which of tho cards is then 
most highly heated? Itrequiree no thermometer to answer 
this question? Simply pressing the back of the card, on 
which the white powder is strewn, against the cheek or 
forehead, it is found intolerably hot. Placing the dark card 
in the same position, it is found cool. The white powder has 
absorbed far more heat than the dark one. This simple 
result abolishes a hundred conclusions which have heen 
hastily drawn from tho experiment of Franklin. Again, 
here are suspended two deticate mercurial thermometens 
at the same distance from a gas-flame. Tho bulb of one 
of them is covered by a dark substance, the bulb of the 
other by a white one, Both bulbs have received the radia- 
ton from the fame, but the white balb has absorbed most, 
and its mercury stands much higher than that of the other 
thermometer. This experiment might be varied in a 
Jundred ways: it proves that from the darkness of a 








placed bits of cloth of various colours upon snow, exposed — 
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body you can draw no certain conclusion regarding ita 
power of absorption. 

‘The reason of this simply is, that colour gives us intel- 
ligences of only one portion, and that the smallest one, of 
the mys impinging on the coloured body. Were the 
rays all luminous, we might with certainty infer from the 
colour of a body its power of absorption; but the great 
mass of the radiation from our fire, our gas-flame, and 
even from the sun itself, consists of invisible calorific rays, 
regarding which colour teaches us nothing. A body may 
be highly tmnsparent to the one class of rays, and highly 
opaque to the other. Thus the white powder, which 
has shown itself so powerful an absorber, bas been 
specially selected on account of ite extreme porviousness 
to the visible rays, and its extreme imperviousnees to the 
invisible ones; while the dark powder was chosen on ac- 
count of its extreme transparency to the invisible, and its 
extreme opacity to the visible, rays. In the case of the 
radiation from our fire, about 98 per cent. of te whole emis= 
sion consists of invisible rays; the body, therefore, which 
was most opaque to these triumphed as an absorber, 
though that body wna a white one, 

And here it is worth while to consider the manner in 
which we obtain from natural facts what may be called 
their intellectual value. Throughout the processes of 
Nature we have interdependence and harmony; and the 
main value of physics, considered as a mental dis 
cipline, consists in the tracing out of this interdependence, 
and the demonstration of this harmony. The outward 
and visible phenomena are the counters of the intel- 
leet; and our science would not be worthy of its name 
and fame if it halted at facts, however practically useful, 
and neglected the laws which accompany and rule tha 

‘Let us endeavour, then, to extract trom the 
experiment of Franklin all that it can yield, calling 
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the negative. There is, on the contrary, reason to expect: 
that, after a sufficient exposuro, the bit of cloth will be 
found on an eminence instead of in a hollow; that in- 
stead of a depression, we shall baye a velative olevation 
of the bit of cloth, For, as regards the luminous rays of 
the sun, the cloth and the snow are alike powerless; the 
ane cannot be warmed, nor the other melted, by suely 
rays The cloth is white and the snow is white, beewnse 
their confusedly ringled fibres and particles are incom= 
petent to absorb the luminous rays. Whether, then, the 
cloth will sink or not depends entirely upon the dark 
rays of the sun. Now the substance which absorbs these 
dark rays with the greatest avidity is icc,—or mow, 
which is merely ice in powder. Hence, a lees amount of 
heat: will be lodged in the cloth than in the surrounding 
snow. The cloth must therefore act as a shield to the 
snow on which it rests; and, in consequence of the more 
rapid fusion of the exposed snow, its shield must, in due 
time, be left behind, perched upon an eminence like a 
glacier-table. 

But though the snow transcends the cloth, both asa 
radiater and absorber, it docs not much transcend it. 
Cloth is very poworfil in both these respects. Lat us 
now turn our attention to the piece of black cloth, the 
texture and fabric of which [assume to be the sme as 
that of the white. For our object being to compare the 
effecta of colour, we must, in drder to study this effect in ite 
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purity, preserve all the other conditions constant. Let us 
then suppose the black cloth to be obtained from the dye- 
ing of the white, The cloth itself, without reference to 
the dye, is menrly as good an absorber of heat as the snow 
around it, But to the absorption of the dark solar myn 
by the undyed cloth, is now added the absorption of the 
whole of the luminous rays, and this great additional in~ 
flux of heat is far more than sufficient to turn the balance 
in favour of the black cloth. The sum of its actions on the 
dark and luminous rays, exceeds the action of the snow on 
the dark mys alone. Hence the cloth will sink in the snow, 
and this is the complete analysis of Franklin’s experiment. 

Throughout this discourse the main stress has been 
laid on chemical constitution, as influencing most power- 
fully the phenomena of radiation and absorption. With 
rogard to gases and vapours, and to the liquids from which 
those vapours are derived, it has been proved by the most 
varied and conclusive experiments that the acts of radia 
tion and absorption are molecular—that thoy depend upon 
chemical, and not upon mechanicx], condition. In at- 
tempting to extend this principle to solids { wax met. by a 
multitude of facta, obtained by celebrated experimenters, 
which seemed flatly to forbid such an extension. Melloni, 
for example, had found the sme radiant and absorbent 
power for chalk and Inmp-black. MM. Masson and Cour 
tépée had performed a most elaborate series of experiments 
on chemical precipitates of various kinda, and found that 
they one and all manifested the same power of radiation. 
They concluded from their researches, that when bodies 
are reduced to an extremely fine state of division, the 
fnfluence of this state is so powerful as entirely to mask 
and override whatever influence may be due to chemical 
constitution. 

But it appears to me that through the whole of theeo 
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rostarches an oversight has run, the mero mention of which 
will show what caution it eeential in the operations of 
experimental philosophy; while an experiment or two 
will make clear wherein the oversight consists. Filling 
@ brightly polished metal cube with boiling water, T 
determine the quantity of heat emitted hy two of the 
Light surfaces, As a radiator of heat one of them 
far transcends the other. Both surfaces appear to be 
‘metallio; what, then, is the cause of the observed differ 
enee in their radiative power? Simply this: one of the 
surfaces is coated with transparent gum, through which, 
of course, is een the metallic lustre behind; and this 
varnish, though so perfectly transparent to luminous 
rays, is ns opaque as pitch, or lamp-black, to non-lumi- 
nous one. It is a powerful emitter of dark rays; it 
is also a powerful absorber, While, therefore, at the 
prevent moment, it is copiously pouring forth radiant 
heat itself, it. doos not allow a single my from the metal 
behind to pass through it, Tho varnish then, and not 
the metal, is the real radiator. 

‘Now Melloni, and Masson, and Courtépée oxperimented 
thus: they mixed their powders and precipitates with 
grum-water, and laid them, by means of a brush, upon the 
surfaces of a cube like this. True, they saw their red 
powders red, their white ones white, and their black ones 
Dinck, but they saw these colours through the coat of 
varnish which enoireled every particle of their powders, 
When, therefore, it was concluded that colour had no 
influence on radiation, no chance had been given to it of 
aserting its influonee; when it was found that all chemi- 
onl peooipitates radiated alike, it was the radiation from a 
varnieh, common to them all, which showed the observed 
constangy. Hundreds, perhaps thousinds, of experiments 
on railinn’ heat have been performed in this way, by 

enquirers, but the work will, I fear, have to be 
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done over again. Xam not, indesd, acquainted with an 
instance in which an oversight of so trivial a character 
has been committed by so many able men in succession, 
and yitiated so large an amount of otherwixe excellent 
work. 

Basing our reasonings thus on demonstrated facts, we 
arrive at the extremely probable conclusion that the en- 
velope of the particles, and not the particles themselves, 
was the real radiator in the experiments just referred to. 
To reagon thus, and deduce their more or less probable 
consequences from experimental facts, is an incessant 
exercise of the student of physical science. But having 
thus followed, for a time, the light of reason alone through 
4 series of phenomena, and emerged from them with a 
purely intellectual conclusion, our duty is to bring that 
conclusion to an experimental test. In this way we fortify 
our science, sparing no paine and shirking no toil, to secure 
sound materials for the edifice which it is our privilege 
to raise. 

For the purpose of testing our conclusion regarding the 
influence of the gum, I take two powders presenting the 
same physical appearance ; one of them ix a compound of 
mercury, and the other a compound of lead, On two sur- 
faces of a cube are spread these bright red powders, with- 
out varnish of any kind. Filling the cube with boiling 
water, and determining the radiation from the two surfaces, 
one of them is found to omit thirty-nine units of heat, while 
the other emits seventy-four. This, surely, is a great dif- 
ferenco. Hore, however, is a second cube, having two of 
ita surfaces coated with the same powders, the only dif- 
forence being that the powders are laid on by means of 
® transparont gum. Both surfaces are now abeolately 
alike in radiative power. Both of them emit somewhat 
more than was cmitted by cither of the unvarniehed powders, 
simply because the gum employed is a better radiator Unum 
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either of them. Excloding all varnish, and comparing 
white with white, vast differences are found; comparing 
Diack with bisck, they are also different; and when 
Hack and white are compared, in some cases the black 
radiates fur more than the white, while in other cases the 
white radiates far more than the black. Determining, 
mortover, the absorptive power of those powders, it ix 
found to go hand-in-hand with their radiative power. 
‘The good mdintor is « good absorber, and the bad radintor 
iss bad absorber. From all this it is evident that as re- 
ards the radiation and absorption of non-laminous heat, 
colour teaches us nothing ; and that even as regards the 
radintion of the sum, consisting as it docs mainly of non- 
luminous mys, conclusions as to the influence of colour 
may be altogether delusive, This ie the strict scientific 
upshot of our researches, But it is not the leas true that 
in the case of wearing apparel—and this for reasons which 
T have given in analysing the experiment of Franklin— 
Mack dresses are more potent than white ones as absorbers 
of solar beat. 

‘Thus, in brief outline, have been brought before you a 
few of the results of recent enquiry. If you ask me what 
is the use of them, I can hardly answer you, unless you 
define the term use. If you meant to ask whethor 
those dark raye which clear away the Alpine snows, will 
ever be applied to the roasting of turkeys, or the driving 
of steam-engines—while affirming their power to do both, 
T would frinkly confess that they are not ab present 
capable of competing profitably with coal in these parti- 
culars, Still they may have great uses unknown to me; 
and when our coal-fields are exhausted, it ia possible that 
a more acthercal race than we are may cook their 
victuals, and perform their work, in this transcendental 
way. But is it necessary that the student of science 
should have his lubours tested by their youible gractical 
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applications? What is the practical value of Homer's 
Tiiad? You smile, and possibly think that Homer's Tiad 
is good as a means of culture. There’s the rub, The 
pedple who demand of science practical uses, forget, ar do 
not know, that it also is great as a means of culture—that 
the knowledge of this wonderfal universe is a thing profit- 
able in itself, and requiring no practical application to jus 
tify its pursuit, 

But while the student of Nature distinctly refuses 
to have his labours judged by their practical issues, un- 
Jess the term practical be made to include mental as 
well as material good, he knows full well that the greatest 
prictical triumphs have been episodes in the search after 
pure natural truth. The electric telegraph is the standing 
wonder of this age, and the men whose scientific know- 
edge, and mechanical skill, have mado the telegraph what 
it is, are deserving of all honour. In fact, they have had 
their reward, both in reputation and in those more substan- 
tial benefits which the direct service of the public always 
carries in iis train. But who, T would ask, put the soul 
into thin telegraphic body? Who snatched from heaven 
the fire that flashes along the line? This, I am bound to 
say, was done by two men, the one a dweller in Italy,! 
the other a dweller in England? who never in their 
enquiries consciously set a practical object before them, 
—whosa only stiranlus was the fascination which draws 
the climber to a never-trodden penk, and would have 
made Cesar quit his victories for the sources of the 
Nile. ‘That the knowledge brought, us by those prophets, 
priests, and kings of science is what the world calls 
useful knowledge, the triumphant application of their 
diseoyeries proves. But science has another function 
to fulfil, in the storing and the training of the human 
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mind; and I would base my appeal to you on the 
specimen which has this evening been brought before you, 
whether any system of education at the present day can 
be deemed even approximately complete, in which the 
knowledge of Nature is neglected or ignored. 


‘The opening paragraph of this article, as indeod many 
othors in this volume, show that ‘the crossing of tha 
boundary of experimont,’ the mention of which caused so 
much commotion last year, & no new heresy of ming 
December 1875. 


Iv. 


NEW CHEMICAL REACTIONS PRODUCED BY LIGHT. 
1868-69. 


$1. 
1868 I asked permission of the Royal Society to draw 
the attention of chemists to a method of experiment 
which, though simple, was unknown. It consists in sub- 
jecling the vapours of volatile liquids to the action of 
concentrated sunlight, or to the concentrated beam of 
the electric light. This communication was the imme- 
diate antecedent of the discourse on ‘Dust and Disease’ 
which follows it in this volume; and as such is introduced 


here. 
Action of the Electric Light. 

A glass tube 2°8 feet long and of 2:5 inches internal 
diameter, which had been frequently employed in my re- 
searches on radiant heat, was supported horizontally. At 
one end of it was placed an electric lamp, the height and 
position of both being so arranged, that the axis of the 
glass tube, and that of the parallel beam issuing from 
the lamp, were coincident. The tube in the first experi- 
ments was closed by plates of rock-salt, and subsequently 
by plates of glass. 

This tube which, as on former occasions, for the sake 
of distinction, I call the experimental tube, was connected 
with an air-pump, and also with a series of drying and 
other tubes used for the purification of the air. 





Hike ¥, fig. 2 
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drawn out at its lower end to an 
orifice about 0-08 of an inch in 
diameter, Ib was found necessary 
to coat the cork carefully with 
cement. 

‘The little flask, thus 
was partially filled with the liquid 
whose vapour was to be examined; 
it was then introduced inte the 
path of the purified current of ain, 

The experimental tube being 
exhausted, and the cock which cut 
off the supply of purified air being 
cautiously turned on, the air en- 
tered the finek through the tube 
b, and escaped by the small orifice 
at the lower end of & into the liquid. Through this it 
bubbled, loading itself with vapour, after which the mixed 
air and vapour, passing from the flask by the tube a, 
entered the experimental tube, where they were subjected 
to the action of light. 

The power of the electric beam to roveal the existence 
of anything within the exporimental tube, or the im- 
purities of the tubo iteclf, is extraordinary. When the 
experiment ia made in a darkened room, a tube which in 
ordinary daylight appears absolutely clean, is often shown 
dy the present mode of examination to be exceedingly filthy. 
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‘The following are some of the results obtained with 
this arrangement :— 

Nitrite of amyl.—The vapour of this liquid was in 
the first instance pormitted to enter the experimental tube, 
while the beam frum tho electric lamp was passing through 
it. Curions clouds were observed to form near the place 
of entry, which were afterwards whirled throngh the 
tube. 

‘The tube being again exhausted, the mixed air and 
vapour were allowed to enter it in the dark. The slightly 
convergent beam of the electric light was then sent 
through the tube, from end to end. Fora moment the 
tube was optically empty, nothing whatever was econ 
within it; but before a second had elapsed a shower of 
liqnid spherules was precipitated on the beam, thus geno~ 
rating a cloud within the tube, This cloud became denser 
as the light continued to act, showing at some places vivid 
irideseence. 

‘The bear of the electric lamp was now converged so 
a8 to form within the tube a cone of mys about eight 
inches Jong. The tube was cleansed and again filled 
in darkness, When the light was sent through it, the 
precipitation upon the beam was so rapid and intense 
that the cone, which a moment before was invisible, 
flashed snddeniy forth like a solid luminous spear. 

The effect was the same when the air and vapour were 
allowed to enter the tube in diffuse daylight. The eloud, 
however, which ehone with such extraordinary radiance 
under the electric beam, was invisible in the ordinary 
light of the laboratory. 

‘The quantity of mixed air and vapour within the ex- 
perimental tube could of course be regulated at pleasure. 
The rapidity of the action diminished with the attenuation 
of the vapour. When, for example, the mercurial column 
assoclated with the experimental tube was depressed ouly 
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‘Sve inches, the action was not nearly eo rapid aswhem the 
‘tube was full. In such casea, however, it was exceedingly 


interesting to observe, after some seconds of waiting, 0 


thin streamer of delicate bluish-white cloud slowly form- 
peed axis of the ie; ani ally swell ae 
it. 

When dry oxygen was employed to earry in the vapour, 
the effect was the same as that obtained with air. 

When dry hydrogen was uscd as a vehicle, the effect 
was also the same. 

‘The effect, therefore, is not due to any interaction 
between the vapour of the nitzite and its vehicle, 

‘This was further demonstrated by the deportment of 
the vapour itself. When it was permitted to enter the 
experimental tubo unmixed with air or any other gas, the 
effect was substantially the same. Hence the seat of the 
observed action is the vapour. 

This action is not to be ascribed to heat. With refer= 
ence to the glass of the experimental tube, and the air 
within the tube, the beam employed in these experiments 
was perfectly cold. It had been sifted by passing it through 
solution of alum, and through the thick double-convex 
Tens of the lamp, When the unsifted beam of the lamp 
was omployod, tho effect was still the same; the obscure 
calorific raya did not appear to interfere with the result. 

My object here being simply to point out to chemists a 
method of experiment which reveals a new and beautiful 
series of reactions, to them I leave the examination of the 
products of decomposition, ‘The molecule of the nitrite of 
amyl is obviously shaken asunder by certain specific waves 
of the electric beam, forming, doubtless, nitric oxide and 
other products, of which the nitrate of amyl is probably 
one. ‘I'he brown fumes of nitrous acid wore alo seen to 
mingle with the cloud within the experimental tube. 
The nitrate of amyl, being les volatile than the nitrite, 
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and not being able to maintain itself in the condition of 
vapour, would be precipitated as a visible cloud along the 
track of the beam. 

In the anterior portions of the tube sifting of the beam 
‘by the vapour occurs, which diminishes the chemical action 
‘in the posterior portions. In some experiments the pre- 
cipitated cloud only extended halfway down the tube, 
When, under these circumstances, the lamp was shifted so 
‘as to send the beam through the other end of the tube, 
precipitation occurred there also, 


Aation of Suntight. 


Solar light also offocte tho decomposition of the nitrite 
of-amyl yapour. On October 10 I partially darkened a 
small room in the Royal Institution, into which the sun 
shone, permitting the light to enter through an open 
portion of the window-shutter. In the track of the beam 
was placed a large plano-conyex lens, which formed a fine 
convergent cone in the dust of the room behind it. The 

tube was filled in the laboratory, covered 
with a black cloth, and carried into the partially darkened 
room. On thrusting one end of the tube into the cone of 
rays bebind the lens, precipitation within the cone was 
copious and immediate. The vapour at the distant end 
of the tube was in part shielded by that in front, and was 
also more feebly acted on through the divergence of the 
rays On reversing the tube, a second and similar cone 
‘was precipitated. 

Physical Considerations. 

T sought to determine the particular portion of the 
white beam which produced the foregoing effects. When, 
previous to entering the experimental tube, the beam was 
caused to pasi through a red glass, the effect was greatly 






Schenck ub nk wcll 
with varices mmples of yellow . 
introdoced, before the removal of the yellow or the red, 
ea taking the latter 
aleng the track af the blue beam. Hence, in this cam, 
‘the more refrangible rays are the most chemically active. 
‘The ewloar of the Liquid nitrite of amy! indiemtas that 
this must be the case; it is a feeble bat distinct yellow: 
‘im other words, the yellow portion of the beam i¢ most 
freely transmitted. It is mot, however, the transmitted 
portion of any beam which produces chemical action, but 
the absorbed purtion. Blee, as the complementary colour 
to yellow, is here absarbed, and hence the more energetic 
action of the bive rayx. Thisrrasoning, however, assumes 
that the sume rays are aleorbed by the liquid and itv 





vapoar. 

A solution of the yellow chromate of potash, the colour 
of which may be made almost, if not altogether, identical 
with that of the liquid nitrite of amyl, was found far mor 
effective in stopping the chemical rays than either tho red’ 
or the yellow gine, But of all substances the nitrite if- 
self is most potent in arresting the rays which act upon 
ite vapour. A layer one-eighth of an inch in thickness, 
which searcely preeeptibly affected the luminous intensity, 
sufficed to absorb the entire chemical energy of the con- 
centrated beam of the electric light. 

The close relation eubsisting between a liquid and ‘its 
vapour, as regards their action upon radiant heat, has been 
already amply demonstrated! As regards the nitrite of 
amyl, this relation is more specific than in the case 
hitherto addmeed ; for here the special constituent of the 
Team, which provokes the decamposition of the vapour, fs 
shown to be arrested by the liquid. 

A question of extreme importance in molecular physica 


4 <PRIL Trams’ 1806; aad y. 44 of this vebame, 
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bere arises: What is the real mechanism of this absorp- 
tion, and where is its seat ?* 

I figure, as others do, a molecule as a group of atoms, 
held together by their mutual forces, but still capable of 
motion among themsclyes. The vapour of the nitrite of 
amyl is to be regarded as an assemblage of such molecules, 
‘The question now before us is this: In the act of absorp- 
tion, ia it the molecules that are effective, or is it their 
constituent atoms? Is the vie viva of the intercepted 
light-waves transferred to the molecule as a whole, or ta 
ita constituent parts ? 

‘The molecule, asa whole, can only vibrate in virtue 
of the forces exerted between it and its neighbour mole- 
cules. The intensity of these forces, and consequently 
the rate of vibration, would, in this case, bo a function of 
‘the distance between the molecules. Now the identical 
absorption of the liquid and of the vaporous nitrite of amyl 
indicates an identical vibrating period on the part of 
liquid and vapour, and this, to my mind, amounts to an 
experimental demonstration that the absorption occurs 
in the main within the molecule Fur it can hardly be 
suppored, if the absorption were the act of the molecule as a 
whole, that it could continue to affect waves of the same 
period after the substance had passed from the vaporous to 
the liquid state. 

In point of fact, the decomposition of the nitrite of 
amyl ia itself to some extent an illustration of this in- 
tarnal mojecular absorption ; for were the absorption the 
act of the molecule as a whole, the relative motions of its 
constituent atoms would remain unchanged, and there 
would be no mechanical cause for their separation. It is 
probubly the synchroniem of the vibrations of one portion 
of the molecule with the incident wayes, that enables the 

§ My atiention was vory forcibly dirccted to thin mubject somo year» ago 
ee eee eine Ba Stile Cahcas 
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amplitude of those vibrations to augment, until the 
chain which binds the parts of the molceale together is 
smapped asunder. 

‘The liquid nitrite of amyl is probably also decomposed 
by light; bat the reaction, if it exists, is incomparably less 
rapid and distinct than that of the vapour. Nitrite of 
amyl has been subjected to the concentrated solar raps 
until it boiled, and it has been permitted to continue 
boiling for a considerable time, without any distinctly 
apparent change occurring in the liquid. 

I anticipate wide, if not entire, generality for the fact 
that « Liquid and its vapour absorb the same rays. A cell 
of liquid chlerine now preparing for me will, I imagine, 
deprive light more effectually of its power of causing 
chlorine and hydrogen to combine than any other filter of 
the luminous rays. The rays which give chlorine its 
colour have nothing to do with this combination, those 
that are absorbed by the chlorine being the really effec 
tive rays. A highly sensitive bulb, containing chlorine 
and hydrogen, in the exact proportions necessary for the 
formation of hydrochloric acid, waa placed at one end of 
an experimental tube, the beam of the olectrie lamp 
being sent through it from the other. The bulb did not 
explode when the tube was filled with chlorine, while the 
explosion was violent and immediate when the tube was 
filled with air. Tanticipate for the liquid chlorine an 
action similar to, bat still more energetic than, that 
exhibited by the gna. If this should prove to be the case, it 
will favour the view that chlorine iteclf is molecular and 
not monatomia. 


Production of Sky-blue by the Decomposition of 
Nitrite of Amyl. 
When the quantity of nitrite vapour is considerable, 
and the light intense, the chemical action ia exevedingly 
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rapid, the particles precipitated being so large as to 
whiten the luminous heam. Not #0, however, when a 
well-mixed and highly attenuated vapour fills the experi- 
mental tube. The effect now to be described was first, 
obtained when the vapour of the nitrite was derived 
from a portion of its liquid, accidentally introduced into 
the pamage through which the dry air flowed into the 
tube. 

Tn this case, the electric beam traversed the tube for 
several seconds before any action was visible. Decom= 
position then visibly commenced, and advanced slowly. 
When the light was very strong, the cloud appeared of a 
milky blue. When, on the contrary, the intensity was 
moderate, the blue was pure and deep. In Briicke’s im- 
portant experiments on the bluo of the sky and the morn- 
ing and evening red, pure mastic ie dissolved {n aleohol, 
and then dropped into water well stirred. When the pro- 
pertion of mastic to alcohol is correct, the resin is pre- 
ipitated so finely as to elude the highest’ microscopic 
power. By reflected light, such 2 medium appears bluish, 
Ly tranutnitted light yellowish, which Iatter colour, by 
augmenting the ae of the precipitate, can be caused 
to pass into orange or red. 

But the development of colour in the attenuated 
nitrite-of-amyl vapour, though admitting of the same ox- 
planation, is doubtless more similar to what takes place 
in our atmosphere. The blue, moreover, is far purer and 
more sky-like than that obtained from Briicke's turbid 
medium, Never, even in the skies of the Alps, have T wen 
‘8 richer or a purer blue than that attainable by a suitable 
disposition of the light falling upon the precipitated 
‘vapour. 

Th exhausting the tube containing the mixed sir and 
nitrite-ofamyl vapour, it wae difficult to avoid explosions 
under the pistons of the air-pump, similar to thove which 
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in point of rapidity and intensity of action, comes moxt te 
‘the nitrite of amyl, With the iodide of allyl I have em- 
ployed both oxygen and hydrogen, as well as air, asa — 
vehicle, and found the effect in all cases substantially the 
sume. The cloud-column here was exquisitely beautiful. 
Tt revolved round the axis of the decomposing beam 5 it 
was nipped at certain places like an hourglass, and round 
the two bells of the glass delicate cloud-filaments twisted 
themselves in spirals. It also folded itself into conyolu- 
tions resembling those of shells. In certain conditions of 
the atmosphere in the Alps I have often observed cloudsof 
a special pearly lustre; when hydrogen was made the 
vehicle of the iodide-of-allyl vapour a similar Tustre was 
mont exquisitely shown. With a suitable disposition of 
the light, Mae dn 
strongly in the tube. 
Tho remark already made, as to the peatingie8 ibe 
decompotition of nitrite of amyl by light om the question 
of molecular absorption, applies here also; for were the 
absorption the work of the molecule as awhole, the talin 
would not be dislodged from the allyl with which it ix 
combined. The non-synchronism of iodine with the 
waves of obscure heat is illustrated by its marvellous 
transparency to such heat, May not its synchronism 
with the waves of Light in the present instance be the 
cause of ita divorce from the allyl? Further experiments 
on this point are in preparation. 

Todide of Tsopropyl.—The action of light ‘upon, the 
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‘vapour of this liquid is, at first, more languid than upon 
fodide of allyl; indeed many beautiful reactions may be 
overlooked, in consequence of this languor at the com- 
tmencemont, After some minutes’ exposure, however, 
clouds begin to form, which grow in density and in beauty 
me the light continues to act. In every experiment 
hitherto made with this substance the column of cloud 
filling the experimental tube, was divided into two dis- 
tinct parts near the middle of the tube. In one experi« 
ment a globe of cloud formed at the centre, from which, 
right and left, imued an axis uniting the globe with 
two adjacent cylinders. Both globe and cylinders were 
animated by 4 common motion af rotation. As theaction 
continucd, paroxyums of motion were manifested; the 
various parte of the cloud would rush through each otbar 
with sudden violence. During these motions beautiful 
aud grotesque cloud-forms were developed. At some places 
the nebulous mass would become ribbed so as to resemble 
the graining of wood; a longitudinal motion would at 
times generate in it a series of curved transverse bands, 
the retarding influence of the sides of the tube causing an 
appearance resembling, on a small scale, the dirt-banda 
ofthe Mer de Glace. In the anterior portion of the tube 
‘those sudden commotions were most intense; here buds of 
loud would sprout forth,and grow in afew secondsinto per 
feet flower-like forms. The cloud of iodide of isopropyl had 
‘se charncter of its own, and differed materially from all 
others that I had seen. A gorgeous mauve colour was 
obserred in the last twelve inches of the tube; the vapour 
of iodine was present, and it may have been the sky-blue 
weattered by the precipitated particles which, mingling 
swith the purple of the iodine, produced the mauve. As 
in all other cases here adduced, tho effects wore proved 
to be due to the light ; they never occurred in darkness, 
‘The forms assumed by some of those actinic clouds, 


Soon afterwards a eccond cloud was formed five inches 
further down tho experimental tube. Both clonds were 
united by a slender cord of the sme bluish tint as them- 
wilvor, 

As the notion of the light continued, the first cloud 


which the *eord’ extended to the cloud in alvance. The 
latter also underwent slow but incessant modification. It 
first rosolvod itself into a sorics of strata resembling thoae 
of the electric discharge. After a little time, and through 
changes which it was difficult to follow, both clouds pre= 
sented the appearance of a series of concentric funnels 
set one within the other, the interior ones being seen 
through the outer once. ‘hose of the distant cloud re- 
ogg 2) aaa As many as six funnels 
ly eet together, the two series 
the delicate cord of cloud already ro- 
and slender tubes were afterwards 
‘themselves in delicate spirals around 


along the connecting-cord more 
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intense, it diminished in thickness and became whiter ; 
this was a consequence of the enlargement of its particles, 
The cord finally dieappeared, while tho funnels melted 
into two ghost-like films, shaped like parnsols. They 
were barely visiblo, boing of an exceedingly delicate blue 
tint. ‘They seemed woven of blue air. To compare them 
with cobweb or with ganze would be to liken them to 
something infinitely groser than themselves. 

To all cases a distant candle-flame, when looked at 
through the cloud, was sensibly undimmed. 


§ 2. Ow rue Buvz Corour ov tm Sky, axp mite 
Potarisation ov SxriiGur. 


1800. 


After the communication of the foregoing brief abstract 
*On a new Series of Chemical Reactions produced by 
Light, the experiments upon this subject were continued, 
the number of substances thus acted on being considerably 
increased. 

T now beg to direet attention to two questions glanced 
at incidentally in the abstract referred to—the blue 
colour of the sky, and the polarisation of skylight, Re- 
serving the historic treatment of the subject for » more 
fitting occasion, I would merely mention now that these 
questions constitute, in the opinion of our most eminent 
‘authoritics, the two great standing enigmas of moteor- 
ology. Indood it was the interest manifested in them 
‘by Sir John Herschel, in a letter of singular speculative 
power, addressed to myself, that caused me to enter upon 
the consideration of these questions s0 soon. 

The apparatus with which I work consists, as already 
stated, of a glass tube about a yard in length, and from 

* In my * Lectures oo Light’ (Losgmane), tha polariaation of light will 
Ibo found Sindy, bat, I trast, clearly uxpisined, 
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2} to 9 inches itera ite TL 
examined je introduced into this tube in the manner de- 
scribed in my last abstract, nnd upon it the condensed bean 
of the electric lamp iz permitted to: 
or the activity of the substance has been declared. 
It bas hitherto been my tim to render the ebemiical 
action of light upon vapours visible. For this purpose 
substances have been chosen, one at least of » 
ducts of decomposition under light shall have a 
point so high, that as soon as the substance ia formed it 
shall be precipitated. By graduating tho quantity of the 
vapour, this procipitation may be rendered of vee 
of fineness, forming 
naked eye, or fur bepond 'the resck eb tcet Elaine 
scopic powers, ont 
I bave no reason to doubt that particles may be thus 
obtained, whew dlamabies, ovat 0 2 aU aaa 
of the length of a wave of violet light. ° 
In all cases when the vapours of the liquids ex 
are sufficiently attenuated, no matter what the liquid 
may be, the visible action commences with the formation 
of a blue cloud. 1 would guard myvelf at the ontect 
against all misconception as to the use of this term. The 
‘cloud’ here referred to is totally invisible in ordinary 
daylight, To be eeen, it requires to be surrounded by 
darkness, it only being illuminated by a powerful beam 
of light. This blue cloud differs in many important 
particulars from the finest ordinary clouds, and might 
justly have assigned to it an intermediate position between 
such clouds and true vapour. 
With this explanation, the term * cloud,’ or ‘incipient 
cloud,’ aa I propoge to employ it, cannot, I think, be mis 
understood. 


‘Thad been endeavouring to decompose carbonic acid 


al 
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as by light. A faint bluish clond, due it may be, or it 
may not be, to the residue of some vapour previously 
employed, was formed in the experimental tube. On 
looking across this cloud through a Nicol’s prism, the line 
of vision being horizontal, it was found that when the 
hort dingonal of the prism was vertical, the quantity of 
light reaching tho oye was greater than when the long 
diagonal was vertical. 

‘When a plato of tourmaline was held botwoon the eye 
and the bluish clond, the quantity of light reaching the eye 
when the axis of the prism was perpendicular to the axis 
of the illuminating beam, was greater than when the axes 
of the crystal and of the beam wee parallel to ench other. 

‘This was the result all round the experimental tube. 
Causing the crystal of tourmaline to revolve round the 
tube, with its asis perdendicular to tho illuminating 
beam, the quantity of light that reached the eye was in 
all its positions @ maximum. When the crystallographic 
axis was parallel to the axis of the beam, the quantity of 

transmitted by the crystal was a minimum. 

From the illuminated bluish cloud, therefore, polarised 
light was discharged, the direction of maximum polaris 
tion being at right angles to the iMluminating beam ; the 
plane of vibration of the polarised light was perpendicular 
to the beam." 

‘Thin plates of selenite or of quarts, placed between 
the Nicol and the bluish cloud, displayed the colours of 
Polarised light, these colours being most vivid when the 
Nine of vision was at right angles to the experimental 
tubo. The plate of sclonite usually omployed wae a 


This is still an undecided point ; but the probabilities are #9 wueh in 
{te favour, and it-isin my opinion so much prefemble to have » physical 
image om which the mind can rest, that I do not hesitate to employ the 
phraseology in the text. 





circle, thinnest at the centre, and augmenting uniformly 
in thickness from the centre outwards. When placed in 
its propor position between the Njool snd the cloud, it 
exhibited a system of splendidly-coloured rings. . 

The cloud here referred to was the first operated upon 
in the manner described. It may, however, be greatly 
improved upon by the, choice of proper substances, and 
by the application, in proper quantities, of the substances 
chosen. Benzol, bisulphide of carbon, nitrite of amyl, 
nitrite of butyl, iodide of allyl, iodide of isopropyl, and 
many other -substances may bo emploged. I will take 
the nitrite of butyl as illustrative of the meana adopted 
to secure the best result, with reference to the present 
question. 

And hefe it may be mentioned that a vapour, which 
when alone, or mixed with air in the experimental tube, 
resists the action of light, or shows but a feeble result of 
this action, may, when placed in proximity. with another 
gas or vapour, exhibit vigorous, if not violent action. The 
case is similar to that of carbonic acid gas, which, diffused 
in the atmosphere, resists the decomposing action of eolar 
light, but when placed in contiguity with chlorophy] in 
the leaves of plants, has ite molecules shaken asunder. 

Dry air was permitted to bubble through the liquid 
nitrite of butyl, until the experimental tubs, whieh had 
‘been previously exhausted, was filled with the mixed air 
and vapour. ‘The visible action of light upon the mix- 
ture after fifteen minutes’ exposure was slight, The tube 
was afterwards filled with half an atmosphere of the mixed 
air and vapour, and a second half-atmosphere of air which 
had been permitted to bubble through freeh commercial 
hydrochloric acid. On sending the beam through this 
mixture, the tube, for a moment, was optically empty. 
But the pause amounted only to a small fraction of a 
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second, a dense cloud being immediately precipitated upon 
the beam. a 
This cloud began blue, but the advance to whiteness 
was so rapid as almost to justify the application of the 
term instantaneous. The dense cloud, looked at perpen- 
dieularly to its axis, showed scarcely any signs of polari- 
sation. Looked at obliquely the polarisation was strong. 
‘The experimental tube being again cleansed and ex- 
hausted, tho mixed air and nitrito-of-butyl vapour was 
permitted to enter it until] the associated mercury column 
was depremed *; of an inch. In other words, tho air and 
vapour, united, exercised a pressure not exceeding shy of 
an atmosphere, Air, passed through a solution of hydro 
ehilorie acid, was then added, till the mercury column was 
depressed three inches, The condensed beam of the elec~ 
trie Hight peseed for some time in darkness through this 
mixture, There was absolutely nothing within the tube 
competent to scatter the light. Soon, however,a superbly 
blue cloud was formed along the track of the beam, and it 
continued bloe sufficiently long to permit of its thorough 
examination. The light discharged from the clond, at 
right angles to its own length, was porfectly polarised. 
By degrees the cloud became of whitish blue, and for a 
time the selenite colours, obtained by looking at it nor- 
mally were exceedingly brilliant. The direction of maxi~ 
mum polarisation was distinctly at right angles to tho 
beam. This continued to be the case as long 
ae the cloud maintained a decided blue colour, and even 
for some time after the pure blue had changed to whitish 
blue. Bat, as the light continued to act, the cloud became 
courrer and whiter, particularly at ite contre, where it at 
Teogth consed to discharge polarized light in the direction 
of the perpendicular, while it continued to do so at both 
its ends, 


quently. — * 
A blue, equally rich and more durable, was obtainod 
by employing the nitrite-of-butyl vapour im a still more 


attenuated condition, Now the instance here cited is re 
resentative. Tn all cases, and with all substances, the 
cloud formed at the commencement, when the precipitated 
particles are sufficiently fine, is bles, and it can be made 
to display a colour rivalling that of the purest Italian sky. 
Tn all cases, moreover, this fine blue cloud polarises per= 
fectly the beam which illuminates it, the direetion of 
polaritation enclosing an angle of 90° with the axis of the 
illaminating beam. 

It is exceedingly interesting to observe both the per- 
fection and the decay of this polarisation. For ten or fifteer 
minutes after its first appearance the light from a vividly. 
illuminated incipient cloud, looked at perpendicularly, is 
absolutely quenched by a Nicol’s prism with its longer 
diagonal vertical. But os the sky-blue is gradually ren~ 
dered impure by the introduction of particles of too large 
a size—in other words, as real clouds begin to be formed— 
the polarisation begins to deteriorate, a portion of the 
light passing through the prism in all ite positions. It is 
worthy of note, thnt for xome time after the corsition of 

polurisation, the residual light which passes, when 
the Nicol is in its position of minimum transmission, is of 
a gorgeous blue, the whiter light of the cloud being ex+ 
tinguished.' When tho cloud texture has become suffici~ 
‘ently coarse to approximate to that of ordinary clouds, the 

1 Thie shown that particlos too largo to polariso the tiloo, polarise 
perfectly light of lower refrangibility, 
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the tangent of the polarising angle, the reflection which 
produces perfoct polarisation would require to be made in 
air wpon air; and indeed this led many of our most emi- 
nent men, Brewster himeelf among the number, to entertain 
the idea of aérial molocular refleetion.! I have, however, 
upon substances of widely different refractive 
indices, and therefore of very different polarising angles 
us oninarily defined, bat the polarisation of the beam, by 
the incipient cloud, has thus far proved itself to be abso- 
lutely independent of the polarising angle. ‘The law of 
Brewster does not apply to matter in this condition, and 
it rests with the undulatory theory to explain why. 
Whenever the precipitated particles are sufficiently fino, 
no matter what the substance forming the particles may 
be, the direction of maximum polarisation is at right 
angles to the illuminating beam, the polarising angle for 
matter in this condition being invariably 45°. 

Suppose ouratmosphere surrounded by an envelope im- 
pervious to light, But with an aperture on the sunward 
side, through which o parallel beam of solar light could 
enter and traverse the atmosphere. Surrounded by air 

1 The cause of the polarisation is ovideotly a reflection of tho eun's 
Yight upon semething, ‘The question is on what? Were the angle of 


maximum polarisation 76°, we should look to water or joe as the retlecting: 
‘body, howavar inconcoivable the exixsence in. cloudless 


Vody on which the Light has been reflected, if pelariaeld by & single 

tho polarising angela tauet bo 46 

‘Tangent of that wngle, unity; 

to be made im ni upoe aint’ (Sir John Horvchol, ‘Moteorslegy,” par, 


283.) 
‘Any particles, if wall enongh, will produce both the colour and os 
polarisation of tho sky. But is the existence of small water-parti¢les on 
So summer's Guy Hepler coplanar alpen laceteateaBSA? 
Itie to bo remembered that. the oxygen and nitrogen of the alr behave as 
4 reenum to radiant heat, the exzeedingly attennated vnponr of the highor 
jere boing, therefore in peucticol contact with hn coll of wpaa, 
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not directly illuminated, the track of such a beam through 
the air would resemble that of the parallel beam of the 
electric lamp through an incipient cloud. The sunbeam 
would be Hue, and it would discharge Interally light in 

ly the eame condition as that discharged by the in- 
cipient cloud. In fact, the azure revealed by such a beam 
would be to all intents and purposes that which I have 
called 2 ‘blue coud! Conversely our ‘blue cloud’ is, 
to all intents and purposes, an artificial sky.! 


But, as regards the polarisation of the sky, we know 
that not only is the direction of maximum polarisation at 
right angles to the track of the solar beams, but that at 
certain angular distances, probably variable ones, from 
the sun, ‘neutral points, or points of no polarisation, 
exist, on both sides of which the planes of atmospheric 
polarization are at right angles to each other, 

have made various obzeryations upon this subject 
which are reserved for the presont ; but, ponding the more 
complete examination of the question, the following facts 
bearing upon it may be submitted. 

‘The parallel beam employed in these experiments 
tmoked its way through the laboratory air, exactly ax sun- 
beams are seen to do in the dusty air of London. I have 
reason to believe that a great portion of the matter thus 
floating in the laboratory sir consists of organic particles, 

§ The opinion of Sir John Hrrwhel, connecting tha polarisation and 
‘the bins colour of tho sky is verified by tho foregoing romulte ‘The more 

{tho polarisation of pkylight] is considored,’ writes this eminont 

“tho more it will be found beset with difficulties, and ite ex 

Planatlon whea arrived at will probably be foubd to carry with it that of 

thebiue colour of tho sky fizolf, ant of tho grvat quantity of light it notually 

ce energie tarry Son! 

of tho, that the polarisation ia 

Leveloged in its highest degroe, avd that where there is the slightest per 

‘ceptible teoloncy to cirrus it i# materially impaired.’ ‘Thin applien wocd 
aan incipicat clouds” 


— sil 





‘The horisontal column of alr, thus Nominated, waa 18 
feet: long, and could therefore be looked at very obliquely. 
At all points of the beam, throughout its entire Tength, 
the light emitted normally was in the same state of polar 
imtion. Keeping the positions of the Nicol and the 
selenite constant, the same colours wore observed through- 
out the entire beam, when the line of visio was perpen 
dicular to ite length, 

I then placed myself near the end of the beam, as it 
issued from the electric lamp, and, looking through the 
Nicol and selenite more and more obliquely at the beam, 
observed the colours fading until they disappeared. Ang 
menting the obliquity the colours appeared once more, 
but they were now complementary to the former ones. 

Hence this beam, like the sky, exhibited a neutral 
point, on opposite aides of which the light waa polarived 
in panos at right anglos to euch other. 

Thinking that the action observed in the laboratory 
might be cansed, in some way, by the vaporous fames dif- 
fuxed in its air, I had the light removed to a room at the 
top of the Royal Institution. ‘The track of the beam was 
seen very finely in the air of this room, n length of 14 
‘or 16 fect being attainable. This beam exhibited all the 
effects observed with the beam in the laboratory. Even 
the uncondensed electric light falling on the flonting 
matter showed, though faintly, the effect of polarisation. 

When the air was go sifted as to entirely remove the 
visible floating mutter, it no longer exerted uny sensible 





nium, the emoke of brown paper, and tobacco-emoke, I 


Charles Wheatstone to an important observation communt- 
cated to the Paris Academy in 1860 by Profesor Govi, 
of Turin M, Govi bad been led to examine a beam of 


the discovery of a neutral point in the beam, at the 
opposite sides of which the light wns polarised in planes 
at right angles to each other. ~ 

But unlike my observations on the laboratory air, and 
unlike the action of the sky, the direction of maximum 
polarisation in M. Govi’s experiment enclosed a very small 
angle with the axis of the illuminating beam. The ques- 
tHon was left in this condition, and Lam not aware that 
‘M. Govi or any other investigutor bas pursued it further. 

T bad noticed, as before stated, that as the clouds 
formed in the experimental tube became denser, the polar- 
ination of the light discharged at right angles to the beam 
became weaker, the direction of maximum polarisation 
becoming oblique to the beam. Experiments on the 
fumes of chloride of ammonium gave me also reason to 
suspect that the position of the neutral point was not con- 
stant, but that it varied with the density of the illumin- 
ated fumes, 

‘The examination of these questions led to the follow- 


+ * Comptes Randus" tome li, pp. 360 and 660. 
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ing new and remarkable results: The laboratory being 
well filled with the furnes of incense, and sufficient time: 
being allowed for their uniform diffusion, the electric 
beam was sent through the smoke. From the track of 
the beam polarised light was discharged; but the direction 
of maximum polarisation, instead of being perpendicular, 
now enclosed an angle of only 12° or 13° with the axis of 
the beam. 

A neutral point, with complementary effeets at oppo~ 
site sides of it, was also exhibited by the beam. The 
angle enclosed by the axis of the beam, and a line drawn 
from the neutral point to the observer's eye, measured in 
the first instance 66°. 

‘The windows of the laboratory were now opened for some 
minutes, a portion of the incense-smoke being permitted 
to eseape. On again darkening the room and turning 
on the light, the line of Vision to the neutral point was 
found to enclose, with the axis of the beam, an angle 
of 63°, 

‘The windows were again opened far a few minutes, 
more of the smoke being permitted to escape. Measured 
as before, the angle referred to was found to be 54°. 

‘This process was repeated three additional times; the 
neutral point was found to recede lower and lower down 
the beam, the angle between a line drawn from the eye to 
the neutral point and the axis of the beam falling mucces 
sively from 54° to 49°, 43” and 33°, 

Tho distances, roughly measured, of the neutral point 
from the lamp, corresponding to the foregoing series of 
observations, were these :— 


Ast observation. . . 2 feet 2 inches 
2nd - 6 6 Bau Ow 
ants 4 8 Bie We 
4th oy yim re A one 
6th oe ee 
Oh y tw Oe 
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At the end of this series of experiments the direction 
of maximum polarisation had again become normal to the 
beam, 

‘The laboratory was next filled with the fumes of gun- 
powder, In five successive experiments, corresponding 
to five different densities of the gunpowder-smoke, the 
angles enclosed between the line of vision to the neutral 
point, and the axis of the beam, were 63°, 50°, 47°, 42%, 
and 38° ively. 

After the clouds of gunpowder had cleared away the 
laboratory was filled with the fames of common resin, 
ronderod so denao az to be very irritating to the lungs. 
‘The direction of maximum polarisation enclosed, in this 
ease, an angle of 12°, or thereabouts, with the axis of the 
team. Looked at, as in the former instances, from a posi- 
tion near the electric lamp, no neutral point was observed 
throughout the entire extent of the beam. 

When this beam was looked at normally through the 
selenite and Nicol, the ring-system, though not brilliant, 
waa distinct, Keeping the eye upon the plate of selenite, 
and the line of vision perpendicular, the windows were 
opened, the blinds remaining undrawn. The resinous 
fumes slowly diminished, and as they did so the ring-system 
became paler. It finally dissppeared. Continuing to 
look in the sume direction, the rings revived, but now the 
colours were complementary to the former ones. The neu= 
tral point had passed me in its motion down the beam, 
consequent wpon the attenwation of the fumes of resin. 

With the fumes of chloride of ammonium substantially 
the same results were obtained. Sutflicient, however, has 
been here stated to illustrate the variability of the position 
of the noutral point. 

4 Weowster has proved the variability of tho position of the usatral 
point for skylight with the mun's altitude, a result obviously connected with 
the forgoing experiments. 





Some of the clouds formed in the experiments on 
tho chemical action of light are, as already stated, uston~ 
ishing asto shape. ‘The experimental tube is often divided 
into segments of dense cloud, separated from each other 
by nodes of finer mutter, Looked at nonnally, as many 
a8 four reversals of the plane of polarisation have beet: 
found, in passing from node to segment, and from seg- 
ment to node, With the fumos diffused in the Inboratory, 
on the contrary, thers was no change in the polarieation 
along the normal, for here the necessary differences of 
cloud-texture did not exist. 

By a puff of tobacco-smoke, or of condensed steam, 
blown into the illuminated beam, the brillianey of the 
selenite colours may be greatly augmented. But with 
different clouds two different effects are produced. Let 
the ring-system observed in the common air be brought 
to its maximum strength, and then let an attenusted 
cloud of chloride of ammonium be thrown into tho 
boum at the point looked at; the ring-system flashes 
out with augmented brilliancy, bat the character of the 
polarisation remains unchanged. This is also the case 
when phosphorus, or sulphur, is burned underneath the 
beam, so as to cause the fine particles of phosphoric acid 
or of sulphur to sito into the light. With tho sulphur 
farnes the brilliancy of the colours is exceedingly intensi- 
fied ; but in none of these casesis there any change in the 
character of the polarisation. » 

But when a puff of aqueous cloud, or of the fumes of 
hydrochloric acid, hydriodic acid, or nitric\acid is thrown 
into the beam, there is a complete reversal of the selenite 
tints. Each of these clouds twists the plane of polarime 
tion 90°, On these and kindred points experiments are 
still in progress.! 

‘ Bir Join Herschel suggested to me that this ehango of the potar. 
iantion from positive to negative may indicate a change from polatisaticn 
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Almost all liquids have motes in them sufficiently au- 
merons to polaris sensibly the light, and very beautiful 
effects may be obtained by simple urtificial devices. 
When, for example, a coll of distilled water is placed in 
front of the electric lamp, and a thin slice of the beam 
is permitted to passthrough it, scarcely any polarised light 
ie discharged, and scarcely any colour produced with a plate 
ofselenite. But if a bit of soap be agitated in the water 
above the beam, the moment the infinitesimal particles 

“teach the light the liquid sends forth laterally almost. per- 
feetly polarised light ; and if the selenite be employed, vivid 
colours flash into existence. A still more brilliant result is 
obtained with mastic dissolved in a great excess of alcohol. 

‘The selenite rings, in fact, constitute an extremely 
delicate test as to the quantity of individually invisible 
particles in a liquid, Commoncing with distilled water, 
for examplo, a thick slice of light ia necessary to make the 
polariestion of ite suspended particles sensible, A much 
thinner slice suffices for common water; while, with 
Briicke’s precipitated mastic, a ¢lice too thin to pro- 
duce any sensible effect with most other liquids, suffices 
to bring out vividly the selenite colours. 


§ 3. Tue Sky ov re Aus. 


“The vision of an object always implica a differential 
action on the retina of the observer. The object is dia- 
tinguished from surrounding space by its excess or de- 
fect of light in relation to that space. By altering the 
Wlumination, either of the object itself or of its environ 
ment, we alter the appearance of the object. Take the 
case of clouds floating in the atmosphere with patches of 
by reflnetion to polurination by refraction. ‘This thought repeatedly occurred 
ome while looking at the effects; but it will require much following up 
before it emerges into clearness, 





bluc between them. Anything that changes the illamina- 
tion of cither alters the appearance of both, that appear 

ance depending, as stated, upon differential action. Now 
the light of the sky, being polarised, muy, as tho reader 
of the foregoing pages knows, be in great part quenched by 
a Nicol’s prism, while the light of « common cloud, being 
unpolarised, cannot be thus extinguished. Henes the 
possibility of very remarkable variations, not only in the 
aspect: of the firmament, which is really changed, but also 
in the aspect of the clouds, which have that firmament 
as blackground. It ia possible, for example, to choose 
clouds of such a depth of shade that when the Nicol 
quonches the light behind them, they shall vanish, being 
undistinguishable from the residual dull tintwhich outlives 
the extinction of the brilliancy of the sky. A cloud lest 
deeply shaded, but still deep enough, when viewed with 
the naked eye, to appear dark on a bright ground, is 
suddenly changed to a white cloud on a dark ground 
by the quenching of the light behind it. When a reddish 
cloud at sunset chances to float in the region of maxi- 
mum polarisation, the quenching of the surrounding light 
causes it to flash with a brighter erimson. Last Enster 
eve the Dartmoor sky, which had just been cleansed by 
a snow-storm, wore a very wild appearance. Round 
the horizon it was of steely brilliancy, while reddish 
cumuli and cirri -fioated southwards. When the sky 
was quenched behind them these floating masses seemed 
like dull embers suddenly blown upon; they brightened 
like a tre. In the Alpa we havo the most magnificent 
examples of crimson clouds and snows, eo that the effects 


* just referred to may be here studied under the best 


posible conditions, On August 28, 1869, the evening 
Alpenglow was very fine, though it did not reneh its 
maximum depth and splendour, The side of the Weise 
horn seen from the Bel Alp, being tured from the 
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sun, was tinted mauve; but 1 wiehed to observe one 
of tho-rose-coloured buttresses of the mountain. Such 
was visible from a point a few hundrod foot above the 
hotel. The Matterhorn also, though for the most part in 
shade, had a crimson projection, while a deep ruddy red 
lingered along ite western shoulder. Four distinet peaks 
and buttresses of the Dom, in addition to its dominant 
head—all covered with pure snow—were reddened by 
the light of sunset. The shoulder of the Alphubel was 
similarly coloured, while the gront mass of the Fletschorn 
waa all a-glow, and 20 was the snowy spine of the Monte 
Leone. 

Looking atthe Weiashorn through the Nicol, the glow of 
its protuberance was strong or weak according to the posi~ 
tion of the prism.- The summit also underwent. striking 
changes. In one position of the prism it exhibited a pale 
white against a dark background; in the rectangular 
position it was a dark mauve against a light background. 
‘The red of the Matterhorn changed in a similar manner; 
but the whole mountain also passed through wonderful 
changes of definition, The air at the time was filled 
with a silvery haze, in which the Matterhorn almost 

This could be wholly quenched by the 
Nicol, and then the mountain sprang forth with astonish 
ing solidity and detachment from the surrounding air. 
The changes of the Dom were still more wonderful. A 
yast amount of light could be removed from the sky 
behind it, for it occupied the position of maximum 
polarisation. By a little practice with the Nicol it was 
ensy to render the extinction of the light, or its reatori- 
tion, almost instantanoous. When the sky was quenched, 
the four minor penks and buttresses, and the summit of 
the Dom, together with the shoulder of the Alphubel, 
glowed as if set suddenly on fire. This was immediately 
dimmed by turing the Nicol through an angle of 90°, 





It was not the stoppage of the light of the eky behind 
the mountains alone which produced this startling effect; 
the air between them and mo was highly opalescent, and 
the quenching of this intermediate glare 

the distinctness of the mountains. 

On the morning of August 24 similar effects were finely 
shown. At 10 s.o1 all three mountains, the Dom, the 
Matterhorn, and the Weisshorn, were powerfully affected 
bythe Nicol. But im this instance also, the hne drawn to 
the Dom being very nearly perpendicular to the solar 
beams, the effects on this mountain were most striking. 
The grey summit of the Matterhorn, at the sume time, 
could scarcely be distinguished from the opalescent 
haze around it; but when the Nicol quenched the 
out in bold definition. It is to be remembered that in 
the production of these effects the only things changed 
are the eky behind, and the luminous haze in front of the 
mountains; that theso are changed becauss the light 
emitted from the sky and from the haze is plane polarised 
light, and that the light from the snows and from the 
mountains, being sensibly unpolarised, is not directly 
affected by the Nicol. Tt will also be understood that it 
is not the interposition of the haze as an opaque body 
that renders the mountains indistinct, but the light of 
the haze which dims and bewilders the eye, and thas 
weakens the definition of objects scen through it. 

‘These results have a direct bearing upon what artista 
call ‘aérial perspective.’ As we look from the summit of 
Mont Blanc, or from a lower elevation, at the sorried 
erowd of peaks, especially if the mountains be darkly 
ecoloured—covered with pines, for example—every peak 
and ridge is separated from the mountains behind it by a 
thin blue haze which renders the relations of the moun- 
tains as to distance unmistakable. When this haze ie 
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regarded through the Nicol perpendicular to the sun's 
ways, it is in many cases wholly quenched, because the 
ight which it emits in this direction is wholly polarised. 
‘When this happens, aérial perspective is abolished, and 
mountains very differently distant sppear to rise in the 
same vertical plane. Close to the Bel Alp, for instance, 
ix the gorge of the Massa, and beyond the gorge is a high 
ridge darkened by pines. This ridge may be projected 
upon the dark slopes at the opposite side of the Rhone 
valley, and between both we have the blue haze referred 
to, throwing the distant mountains far away. Bat st 
certain hours of the day the baze may be quenched, and 
then tho Mase, ridge and the mountains beyond the Rhone 
geem almost equally distant from the eye. The one 
appears, as it were, a vertical continuation of the other. 
‘The haze varies with the temperature and humidity of 
‘the atmosphere, At certain times and places it, is almost 
as blue as the sky itself; but to see its colour, the attention 
must be withdmwn from the mountains end from the 
toes which cover them. In point of fact, tho baze is a 
piece of more or les parfeet sky; it is produced in the 
fame manner, and is subject to the mmo laws, as the 
firmament itself. We live in the sky, not wnder it. 
‘These points were further elucidated by the deport- 
ment of the selenite plate, with which the readers of the 
foregoing pages are so well acquainted. On some of 
the sunny days of August the haze in the valley of the 
Rhone, as looked at from the Bel Alp, was very remark- 
able. Towards evening the sky above the mountains op- 
OEE eerie re the 
iris-rings; but on lowering the 
Bere ier tue ctakn of ho niente the 
side of the Rhone valley, instead of the darkness 
of space, as a background, the colours were not much 
ees 2, beillancy, L should estimate the distance 

















compose | portion 
of the total light which gives these objects: theieydis= 
tinctive colours. The white light of the sun enters all 


internal reflection ; cach distinct substance 

reflecting the light, in accordance with the laws of its own 
molecular constitution. Thus the solar light is sifted by 
tho landscape, which appears in such colours and vari- 
ations of colour as, after the sifting process, reach the 
observer's eye. Thus the bright green of grass, or the 
darker colour of the pine, never comes to us alone, 
but is always mingled with an amount of really foreign 
light derived from superficial reflection. A certain hand 
brilliancy is conferred upon the woods and meadows by 
this superficially-reflected light. Under certain ofream- 
stances, it may be quenched by a Nicol's prism, and we 
then obtain the true colour of the grass and foliage. 
‘Trees and meadows, thus regarded, exhibit a richness and 
softness of tint which they never show as long as the 
superficial light is pormitted to mingle with the tme 
interior emission. The needles of the pinea show this 
effect very well, large-leaved trees still better; while a 
glimmering field of maize exhibits the most extraordinary 
variations when looked at through the rotating Nicol. 
Thoughts and questions like those bere referred to 






a 





took mo, in August 1869, to the top of tho Aletechhorn. 
“The effecte described in the foregoing paragraphs were 
for the most part reproduced in the summit of the moun- 
tain. T scanned the whole of the sky with my Nicol. 
Both alone, and in conjunction with the selenite, it pro- 
nounced the perpendicular to the solar beams to be the 
direction of maximum polarisation. But at no portion 
‘of the firmament was the polarisation complete. The 
‘ertifieial sly produced in the experiments recorded in 
the preceding pages could, in this reepect, be rendered 
more perfect than the natural one; while the gorgeous 
‘residual blue’ which makes ite appearance when the 
polarisation of the artificial sky ceases to be perfect, was 
‘strongly contrasted with the lack-lustrs hue which, in 
‘the case of the firmament, outlived the extinction of the 
brilliancy. With certain substances, however, artificially 
treated, this dull reidue may also bs obtained. 

All along the are from the Matterhorn to Mont Blane 
‘the light of the sky immediately above the mountains was 
powerfully acted upon by the Nicol. In some cases the 
‘variations of intensity were astonishing. I have already 
said that a little practice enables the observer to shift the 
Nico} from one position to another so rapidly as to render 
‘the alternate extinction and restoration of the light imme- 
dinte. When this was dono along the arc to which I 
have referred, the alternations of light and darkness: re- 
sembled the play of sheet lightning behind the moun- 
tains. There was an element of awe connected with the 
suddenness with which the mighty masses, ranged along 
the line referred to, changed their aspect and definition 
under the operation of the prism. 
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1370, 
Experiments on Dusty Air. 
OLAR light, in passing through s dark room, reveals 
its track by illuminating the dust floating in the air. 
‘The sun,’ says Daniel Culverwell, ‘discovers atomes, 
though they be invisible by candle-light, and makes them 
dance naked in his beame,” 

In my researches on the decomposition of vapours by 
light, I was compelled to remove these ‘atomes’ and this 
dust. It wns essentin] that the space containing the vapours 
should embrace no visible thing—that no substance 
capable of scattering light in the slightest sensible degree 
should, at the outset of an experiment, be found in the wide 
‘experimental tube’ in which the vapour was enclosed. 

For a long time I was troubled by the appearance 
there of floating matter, which, though invisiblein diffuse 
daylight, was at once revealed by a powerfully condensed 
beam. Two U-tubes were placed in succession in the 
path of the air, before it entered the liquid whose vapour 
was to be carried into the experimental tube. One of the 
U-tubes contained fragments of glass wetted with con- 
centrated sulphuric acid; the other, fragments of marble 
wetted with a strong solution of caustic potash. ‘To my 
astonishment, the air of the Royal Institution, sent 


+ Tho npparatus Is figured end deseribed at p. 168. 
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through thess tubes at a rate sufficiently slow to dry it, 
and to remove its carbonic acid, carried into the experi- 
mental tube s considerable amount of mechanically sus~ 
pended matter, which was illuminated when the beam 
pewed through the tube. The offect was substantially 
the same when the air was permitted to bubble through 
the liquid acid, and through the solution of potash. 

I tried to intercept this floating matter in various 
ways; and on October 5, 1868, prior to sending the air 
through the drying apparatus, it was carefully permitted 
to pass over the tip of a spirit-lamp Home. The floating 
matter no longer appeared, having been burnt up by the 
flame, It was therefore organic matter. I was by no 
means propared for this result; having previously thought 
that the dust of our air was, in great part, inorganic and 
non-combustible.! 

T had constracted a small gas-furnace, now much em- 
ployed by chemists, cohtaining a platinum tube, which 
could be heated to vivid redness." The tube contained a 
roll of platinum gauze, which, while it permitted the air 
to pass through it, ensurcd the practical contact of the 
dust with the incandescent metal. The air of the labo~ 
Fatory was permitted to enter the experimental tubo, 
sometimes through the cold, and sometimes through the 
heated, tube of platinum. In the first column of the 


* Acconfing to an nnalysis Kindly furnished to me by Dr. Peres, tho 
dest collected from the wails of the British Museum containe fully 60 per 
lent. of inorganic matter. Ihave every confidence in tho results of this 
Aucinguished chomist ; they show that the floating dust of our zooms in, os 
it wer, winnowod from tho heavier maiter. As bearing directly upon this 
poiat I may quote the following passage from Pasteur: ‘Mais ici se 
‘priemnin une remarqoe: ta powssidre que l'on trouve A la sueface de tous 
ae cofpe ft soumise constamment A des courants d'nir, qui doivent soulevar 
‘eon farticales Ins plus ligires, au nombre desquelloe se trouvent, mane 
out, de priféeence lee corpuscules organise, avufs- ou spores, moine 
Tourds ehobialement que lee yarticules minéralen” 

* Pastour waa, Z belive, the first to employ such » tabe, 
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i ‘What, then, was the blackness? It was simply that of 
stellar space ; that ix to xay, blacknens resulting from the 
| absence from the track of the beam of all matter compe- 
tent to scatter its light. When the flame was placed 
below the beam the floating matter was destroyed in 
site; and the air, freed from thie matter, rose into the 
beam, jostled aside the illuminated particles, and eubsti~ 
tuted for their light the darkness due to its own perfect 
transparency, Nothing could more forcibly illustrate the 
invisibility of the agent which renders all things visible. 
‘The beam crossed, unseen, the black chasm formed by the 
transparentair, while, at both sides of the gap, the thick- 
strewn particles shone out likes luminous solid under the 
powerful illumination. 

It is not, however, necessary to burn the particles to 
produce «stream of darkness. Without actual combustion, 
currents may be generated which eball displace the floating 
matter, and appear dark amid the surrounding brightness. 
T noticed this effect first on placing a red-hot copper ball 
below the beam, and permitting it to remain there until 
its temperature had fallen below that of boiling water. 
The dark currente, though much enfeebled, were still pro- 
duced. They may alzo be produced by a flask filled with 
hot water. 

To study this offect a platinum wire was stretched 
across the beam, the two ends of the wire being connected 
with the two poles of a voltaic buttery. ‘To regulate the 
strength of the current o rheostat was placed in the cir- 
cuit. Beginning with a feeble current the temperature 
of the wire was gradually augmented; but long before it 
reached the heat of ignition, a flat stream of air roee from 
it, which when looked at edgeways appeared darker and 
sharpor than one of the blackest lines of Fraunhofer in 
the purified spectrum. Right and left of thie dark vertical 
band the floating matter rose upwards, bounding detiniteiy 
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the non-luminons stream of air. What is the explanation? 
Simply this: Tho hot wire rarcfied the ait in contact 
with it, but it did not equally lighten the floating matter. 
‘The convection current of pure air therefore passed up- 
wards among the inert particles, dragying them eked 


experiment 
to render an account of the dark currents produced by 
bodios at a temperature below that of combustion. 

Bot when the platinum wire is intensely heated, the 
floating matter is not only displaced, but destroyed. 1 
stretched a wire about 4 inches long through the air of an 
ordinary glass shade resting on cotten-wool, which also sur 
rounded the rim. ‘The wire being raised to. a white heat 
by an electric current, the air expanded, and some of it 
was forced through the cotton-wool. When the current 
was interrupted, and the air within the shade cooled, the 
retarning air did not carry motes along with it, being fil- 
tered by the wool. At the beginning of this experiment 
the shade was charged with doating matter; at the end of 
half an hour it was optically empty. 

On the wooden base of a eubical glass shade measuring 
11} inches side, upright supports were fixed, and from 
one support to the other 38 inches of platinum wire were 
stretched in four parallel lines. The ends of the platinum 
wire were soldered to two stout copper wires which passed 
through the base of the shade and could be connected 
with a battery. As in the last experiment the shade 
rested upon cotton-wool. A beam sent through the shade 
revealed the suspended matter. The platinum wire was 
then raised to whiteness. In five minutes there was a 
sensible diminution of the matter, and in ten minutes it 
was totally consumed. 

Oxygen, hydrogen, nitrogen, carbonic acid, 0 prepared 
‘as to exclude all floating particles, produce, when poured 








ON DUST AND DISEASE. ist 


‘or blown into the beam, the darknoss of stellar space, 
Coal-gas does the same. An ordinary glass shade, placed 
in the air with its mouth downwards, permits the track of 
the beam to be seen crossing it, When coal-gas or hydro- 
gen is permitted to enter the shade by a tube reaching to 
ita top, the gas grudually fills the shade from above down- 
wards As soon as it ocoupies the space crossed by the 
beam, the luminous track is abolished. Lifting the 
shade #0 a8 to bring the common boundary of gas and air 
above the beam, the track flashes forth. After the shade 


The Germ Theory of Contagious Disease. 
There is no respite to our contact with the floating 


portion of it, and oven that but rarely diffused over large 
areas, should appear to be deadly to man. And what is 
this portion? It was some time ago the current. belief 
that epidemic diseases geverally were propagated by « 
kind of malaria, which consisted of organic matter in a 
state of motor-decay ; that when such matter was taken 
into the body through the lunge, skin, or stomach, it had 
the power of spreading there the destroying process by 
which itself bad been sssailed. Such a power was visibly 
exerted in the case of yeast. A little leaven was seen 
to Jeaven the whole Inmp—a mere speck of matter, in 
this supposd state of decomposition, being apparently 
competent to propagate indefinitely its own decay. Why 
should a bit of rotten malaria act in a similar 
within the human frame? In 1836 a very won 
wns given to this question. In thab year 
Set icrneccksununronusimedicne 
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organism, which when placed in a proper medium feeds, 
grows, and reproduces itself, and in this way carries on 
the process which we name fermentation. By this strik- 
ing discovery fermentation was connected with organic 


Schwann, of Berlin, discovered the yeast-plant inde- 
pendently about the same time; and in February, 1837, 
he also announced the important result, that when a 
decoction of meat is effectually screened from ordinary 
air, and supplicd solely with calcined air, putrefaction 
never sets in, Putrefaction, therefore, he affirmed to be 
cansed, not by the air, bat by something which could be 
destroyed by a sufficiently high temperature. The results 
of Schwann were confirmed by the independent experi- 
ments of Helmholtz, Ure, and Pasteur, while other 
methods, pursued by Schultze, and by Schroeder and 
Dusch, led to the same result. But as regards formenta- 
tion, the minds of chemists, influenced probably by the 
great authority of Gay-Lussac, fell back upon the old no- 
tion of matter in a state of decay. It wns not the living 
yeast-plant, but the dead or dying parts of it, which, ax 
sailed by oxygen, produced the fermentation. This notion 
was finally exploded by Pasteur. He proved tho real 
‘fermenta’ to be organised beings which find in the re- 
puted ferments their necessary food. 

Side by side with these researches and disroveries, and 
fortified by them and others, has run the germ theory of 
epidemic disease. The notion was expressed by Kircher, 
and favoured by Linnaus, that epidemic diseases may be 
due to germs which float in the atmosphere, enter the 
body, and produce disturbance by the development within 
the body of parasitic life. The etrength of this theory 
consists in the perfect parallelism of the phenomena of 
contagious dikease with those of life, Asa planted acorn 
gives birth to an oak, competent to produce « whole crop 
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‘of acorns, each gifted with the power of reproducing its 
parent tree; and as thus from 1 single seedling a whole 
forest may spring; s0, it is contended, these epidemic 
diseases literally plant their seeds, grow, and shake abroad 
‘new germs, which, meeting in the human body their proper 
food and temperature, finally takes possession of whole 
populations. ‘There is nothing to my knowledge in pure 
chemistry which resembles the power of self-multiplica~ 
tion pesseesed by the matter which produces epidemic 
dinesso. If you sow wheat you do not get barley; if you 
sow smali-pox you do not get scarlot-fover, but small-pox 
indofinitely multiplied, and nothing else. ‘The matter of 
each contagious disease reproduces itself as rigidly as if it 
were (as Miss Nightingale puts it) dog or cat. 


Parasitic Diseases of Silkworms. Pusteur’s Researches. 
It ie admitted on all hands that some diseases are the 
product of parasitic growth. Both in man and in lower 
creatures, the oxistence of such diseases has been demon- 
strated. Tam enabled to lay before you an account of 
an opidemic of this kind, thoroughly investigated and 
sticcessfully combated by M. Pasteur. For fifteen years a 
had raged among the silkworms of France. They 
had sickened and died in multitudes, while those that sne- 
ceeded in spinning their cocoons furnished only a fraction 
of the normal quantity of silk. In 1853 the silk culture 
of France produced a revenue of one hundred and thirty 
‘millions of francs. During the twenty previous years the 
revenue had doubled itself, and no doubt was entertained 
ag to its farther augmentation. ‘The weight of the cocoons 
produced in 1853 was 26,000,000 kilogrammoes; in 1865 
it had fallen to 4,000,000, the fall entailing, in « single 
year, & loss of 100,000,000 francs. 
‘The country chiefly smitten by this calamity happened 
to be that of the celebrated chemist Dumas, now perpetual 
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secretary of the French Academy of Sciences. Ho turned 
to his friend, colleague, and pupil, Pasteur, and beeought 
him, with an carnestness which the cireamstances rendered 
almost personal, to undertake the investigation of the 
malady. Pasteur at this time had never seen a silkworm, 
and he urged his inexperience in reply to his friend. 
But Dumas knew too well the qualities needed for such an 
enquiry to accept Pasteur’s reason for declining it. ‘Je 
mots,’ said he, ‘un prix extréme a yoir votre attention 
fixée sur la question qui intéresse mon pourre pays; la 
miséro surpasse tont co que vous pouvesimaginer’ Pam- 
phleta about the plague bad been showered upon the 
public, the monotony of waste paper being: broken, at 
rare intervals, by a more or Iess useful publication. The 
Pharmacoporia of the Silkworm,’ wrote M. Coralia in 
1860, ‘is now as complicated ae that of man. Gases, 
Hiquids, and solids have been Iaid under contribution. 
From chlorine to sulphurous acid, from nitric acid to rum, 
from sugar to sulphate of quinine—all has been invoked in 
bebalf of this unhappy insect,’ ‘The helpless cultivators, 
moreover, welcomed with ready trustfulness every new 
remedly, if only pressed upon them with sufficient bardi- 
hood. It seemed impossible to diminish their blind 
confidence in their blind guides. In 1863 the French 
Minister of Agriculture signed an agreement to pay 
600,000 france for the use of a remedy, which its pro- 
moter declared to be infallible. It was tried in twelve 
different. departments of France, and found perfectly use= 
less, In no single instance was it successful. It wns 
under these circumstances that M. Pasteur, yielding to 
the entreaties of his friend, betook himself to Alais in the 
beginning of June, 1855. As rogards silk husbandry, 
this was the moet important department in France, and it 
was the most, sorely smitten by the plague. 


The silkworm had been previously attacked by meme 
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eardine, » diseate proved by Bassi to be caused by a vego- 
table parasite’ Though not hereditary, this malady was 
propagated annually by the parnsitic spores. Wafted by 
winds they often sowed the disease in places far removed 
from the centre of infection. Muveardine isnow said to 
be very rare, a deadlier malady having token its place. A 
frequent outward eign of this now divease are the black 
spots which cover the silkworms; hence the name pébrine, 
first applied to the plague by M. de Quatrefages, and 
adopted by Pasteur. Pébrine declares itself in the stunted 
and mnequal growth of the worms, in the langnor of 
thelr movements, in their fastidiousness as regards food, 
and in their premature death. ‘The track of discovery as 
regards the epidemic is this: In 1849 Guerin Méneville 
noticed in the blood of silkworms vibratory corpuscles, 
which he supposed to be endowed with independent life. 
Filippi proved him wrong, and showed that the motion of 
the corpuseles was the well-known Brownian motion, But 
Filippi himself committed the error of supposing the cor 
puscles to be normal to the life of the insect, ‘They are 
really the cause of its mortality—the form and substance 
ofitedisease, This was well described by Cornalia ; while 
Lebert and Frey subsequently found the corpuscles not 
only in the blood, but in all the tissues of the inseot. 
Osimo, in 1857, discovered thom in the eggs; and on this 
observation Vittadiani founded, in 1859, 8 practical 
method of distinguishing healthy from diseased egys. 
The test often proved fallacious, and it was never exten= 
sively applied. 

‘Those living corpuscles take possession of the intestinal 
canal, and spread thence throughout the body of the worm. 
‘They Gill the silk cavities, the stricken insect often going 
automatically through the motions of spinning, without 
any material to work upon. Its organs, instead of being 
filled with the clear viscous liquid of the silk, are packed 
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to distension by the corpuscles. On this feature of the 
‘Pasteur fixed hisentireattention, The cycle of the 
silkworm's life is brieAy this: From the fertile egg comes: 
the little worm, which grows, and casts its skin. This 
process of moulting is repeated two or three times at sub- 
sequent intervals during the life of the insect. After the 
lust moulting the worm climbs the brambles placed to 
receive it, and spins among them its cocoon. It passes 
thus into a chrysilis; the chrysalis becomes a moth, and the 
moth, when liberated, lays the eggs which form the starting~ 
point ofa new cycle, Now Pasteur proved that the plague 
corpuscles might be incipient in the egg, and escape detec: 
tion; they might aleo be germinal in the worm, and still 
baffle the microscope. But na the worm grows, the corpus 
oles grow also, becoming larger and more defined. In the 
aged chrysali# they are more pronounced than in the worm ; 
while in the moth, if either the egg or the worm from 
which it comes should have been atall stricken, the cor 
puscles infallibly appear, offering no difficulty of detec 
tion. ‘This was the first great point made out in 1865 by 
Pasteur. The Italian naturaliste, as aforesaid, recom- 
mended the examination of the eggs before risking their 
incubation. Pasteur showed that both oggs and worms 
might be amitten, and still pass muster, the culture of 
such eggs or such worms being sure to entail disster. He 
made the moth his starting-point in seeking to regenerate 
the race, 

Pasteur made his first communication on this subject 
to the Academy of Sciences in September, 1865. It raised 
a cloud of criticism. Here, forsooth, was a chemist rashly 
quitting his proper métier and prosuming to lay down the 
Jaw for the physician and biologist on agubject which was 
eminently theirs. ‘On trouva étrange que je fuse si 
peu au courant de Ia question ; on m'opposa des travaux 
gui avaient para depuis longlemys en Ualie, dont les 
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résultats montrafent Vinutilité de mos efforts, et l'impossi- 
bilité darriver & un résultat pratique dans Ia direction 
que je m'étais engagé. Que mon ignorance fut grande 
au sujot des recherches sanx nombre qui avaient parn depuis 
quinze années.’ Pasteur heard the buzz, but he con- 
tinned his work. In choosing the eggs intended for in« 
cubation, the cultivators selected those produced in the 
successful ‘educations’ of the year, But they could not 
understand the frequent and often disastrous failures of 
their selected eggs; for they did not know, and nobody 
prior to Pasteur was competent to tell them, that the 
finest cocoons may envelope doomed corpuseulous moths. 
It wax not, however, easy to make the cultivators necopt 
new guidance. To strike their imagination, and if por 
sible determine their practice, Pasteur hit upon the ex~ 
pedient of prophecy. In 1866 he inspected, at St. 
Hippolyte-da-Fort, fourteen different parcels of eggs in- 
tended for incubation. Having examined a sufficient 
number of the mothe which produced those oggs, he 
wrote out the prediction of what would oceur in 1867, and 
placed the prophecy asa sealed letter in the hands of the 
Mayor of St. Hippolyte. 

‘Tn 1867 the cultivators commanicated to the mayor 
their resulis. The letter of Pasteur was then opened and 
read, and it was found that in twelve out of fourteen 
enses there wos absolute conformity between bis pre~ 
diction and the observed facts, Many of the groups had 
perished totally ; the others had perished nlmost totally ; 
and this was the prediction of Pasteur. In two out of 
the fourteen cases, instead of the prophesied destruction, 
half an average crop was obtained. Now, the parcels of 
eggs here referred to were considered healthy by their 
owner, They had been hatched and tended in the firm 
hope that the labour expended on them would prove 
remunerative. The application of the moth-test for «few 
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minuies in 1866, would have saved the labour and averted 
the disappointment. Two additional parcels of eggs werw 
ut the same time submitted to Pasteur. He pronounced 
them healthy; and his words were verified by the pro- 
duction of an excellent crop. Other cases of propheey 
still more remarkable, because more circumstantial, are 
recorded in Pusteur’s work. 

Paatour subjected the development of the corpuscles to 
 scarching investigation, and followed out with admirable 
ekill and completeness the various modes by which 
the plague was propaguted. From moths perfectly free 
from corpuscles he obtained healthy worms, and se 
lecting 10, 20, 30, 50, as the case might be, he in- 
troduced into the worms the corpusculous matter, It 
was first permitted to accompany the food. Let us take 
a single example out of many. Rubbing up a small 
corpuscalous worm in water, he smeared the mixture 
over the mulberry-leaves. Assuring himedlf that the 
leaves had been eaten, he watched the consequences from 
day to day. Side by side with the infected worms he 
reared their fellows, keeping them as much a8 possible 
out of the way of infection. ‘These constituted his “lot 
temoign,—his standard of comparizon, On April 16, 
1868, he thus infected thirty worms. Up to the 28rd 
they remained quite well, On the 26th they seemed 
well, but on that day corpuscles were found in the intes- 
tines of two of them. On the 27th, or eleven days after 
the infected repast, two fresh worms wore examined, and 
not only was the intestinal canal found in each case invaded, 
but the silk organ itself was charged with corpuscles. 
On the 28th the twenty-six remaining worms wore covered 
by the black spots of pébrine, On the SOth the difference 
of size between the infected and non-infected worms was 
very striking, the sick worms being not more than two- 
thirds of the bulk of the bealthy ones Qn May 2 
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a worm which had just finished its fourth moulting 
was examined. Its whole body was so filled with the 


proved to contain any trace of the parasite, which had 
doubtless been introduced during the rearing of the 


‘As his acquaintance with the subject increased, Pas- 
teur’s desire for precision augmented, and he finally 
eounted the growing number of corpuscles seen in the 
field of his microscope from day to day. After a conta- 
gious repast: the number of worms containing the parasite 
gradually augmented until finally it became cent. per 
cent. ‘The number of corpuscles would at the sme time 
rise from 0 to 1, to 10, to 100, and sometimes even to 
1,000 oF 1,500 in the field of his microscope. He then 
varied the mode of infection. He inoculated healthy 
‘worms with the corpusculous matter, and watched the 
consequent growth of the disease, He proved that the 
‘worms inoculate each other by the infliction of visible 
wounds with their claws, In various cases he washed the 
claws, and found corpuscles in the water. He demon- 
strated the spread of infoction by the simple association 
of healthy and diseased worms. By their claws and their 
dejections, the discased worms epread infection, It was 
no hypothetical infected moedium—no problematical 
pythogeaic gas—that killed the worms, but a definite 
organism. The question of infection at a distance was 
also examined, and its existence demonstrated. As might 
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be expected from Pasteur’s antecedents, the investigation 
was exhaustive, tho skill and beauty af bis manipulation 
finding fitting correlatives in the strength and clearness 
of his thought. 

The following quotation from Pnsteur’s work clearly 
shows the relation in which his reeearches stand to the 
important question on which he was engaged: 


Ploce (he says) the most skilful educator, even the moat 
expert microscopist, in presence of large educations which present 
the symptoms described ia our experiments; his judgment will 
necessarily be orroneous if ho confines himself to the Knowledge 
which preceded my researches. The worms will not present to 
him the slightest spot of pébrino ; tho microscope will not reveal 
the existence of corpuscles; the mortality of fhe worms will be 
‘null or insignificant ; and tho cocoons leave nothing to be desired. 
Our observer would, therefore, conclude without hesitation that 
the ogge produced will bo good for incubation, ‘The truth ia, on 
the contrary, that all the worms of thes fine crops have been 
poisoned; that from the beginning thoy carried fn thor the 
of the malady; rendy to multiply itself beyond measure in tho 
chrysalides and the moths, thence to pass inte the eggs and Amite 
with sterility the next generation, And what is the first causa 
of tho evil concenled under so deccitful an exterior? In our 
experimenta we can, £0 to speak, touch it with our fingers. Tt ix 
entirely the effect of 4 single corpuaculous repast ; an effect more 
ar less prompt according to the epoch of life of the worm that 
hns caten the poisoned food. 


Pustour describes in detail his method of securing 
healthy eggs. It is nothing less than a mode of nestor 
ing to France her ancient silk husbandry. ‘The justificas 
tion of his work is to be found in the xoporte whieh 
reached him of the application and the unparalleled suc 
cess of hie method, while editing his researches for final 
publication, In both France and Italy his method has 
been pursued with the most surprising results, But it 
wos an up-hill fight which led to this triumph. ‘Every 
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he says, ‘since the commencement of these researches, I 
have been exposed to the most obstinate and unjust con- 
tradictions; but I have made it a duty to leave no trace 
of these conflicts in this book.’ And in reference to 
Panusitic diseases, generally, he uses the following weighty 
words: ‘Ti est au pouvoir de Yhomme de faire dis- 
paraitre de la surface du globe les maladies parasitaires, 
si, comme c'est ma conviction, la doctrine des générations 
spontandes est une chimére.” 

Pasteur dwolls upon the ease with which an island like 
Corsica might be absolutely isolated from the silkworm 
epidemic. And with regard to other epidemics, Mr. 
Simon describes an extraordinary case of insular exemp- 
tion, for the ten years extending from 1851 to 1860. Of 
the 627 registration districts of England, one only had 
an entire escape from diseases which, in whole or in part, 
were prevalent in all the others: ‘In all the ten years it 
had not a single death by measles, nor a single death by 
emall-pox, nor a single death by scarlot-fever. And why? 
Not because of its general vanitary morits, for it had an 
average amount of other evidence of unhealthiness. 
Doubtless, the reason of its eseape was that it waa Insu- 
far, It was the district of the Scilly Tales; to which it 
was most improbable that any febrile contagion should 
come from without. And its escape is an approximative 
proof that, at least for those ten years, no contagium of 
measles, nor any contagium of sc#rlet-fever, nor any con- 
tagium of emall-pox had ariven spontaneously within its 
limits’ It may be added that there were only seven 
districts in England in which no death from diphtheria 
oceurred, and that, of those seven districts, the district of 
the Scilly Isles was one. 

Asecond parasitic divease of silkworms, called in France 
Ja flackerie, co-existent with pébrine, but quite distinct 
from it; has also been investigated by Pasteur. Enough 
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however, has been ssid to send the resier interested in 
these questions to the original yolumos for further in- 
formation. To one important practical point M. Pasteur, 
in a lotter to myself, directs attention: — 

Permettes-mot do terminer cos quolqnea Tignos que Je dois 
Gicter, vaincu que jo #uis par In maladie, en salpe ia th 
que vous rendriex service aux Colonies de la Grando-Bretagne en 
répandant la connaissance de ce lives,” et des principes que 
Jétablir touchant Is maladie deavers & sole, Beaucoup de co 
deen pera ellie eta rode sa 
los youx eur ion ouvrage vous yous convaincres sieiment quill 
‘ext facile aujourd'hul, non-seulement d'éloigner la maladie 
régnante, mais en outro do donnor aux récoltes de Ja soie uno 
prospérité quiellea n'ont jamais us, 


Origin and Propagation of Contagious Matter. 

Prior to Pasteur, the most diverse and pepe) 
opinions wore entertained as to the 
acter of pébrine; some stoutly affirmed it, pti as 
stoutly denied it. But on one point all were agreed. 
* They believed in the existence of a deleterious medium, 
rendered epidemic by some occult and mysterions 
influence, to which was attributed the cause of the 
disease.’ Those acquainted with our medical Iteratare 
will not fail to observe an instructive analogy here. 
We have on the one side accomplished writers ascribing 
epidemic diseases to ‘deleterious media’ which arise 
spontancously in crowded hospitals and illemelling 
drains. According to them, the matter of epidemic 
disease is formed de nove in a putrescent atmosphere. 
On the other side we have writers, clear, vigorous, with 
well-defined ideas and methods of research, contending 
that the matter which produces epidemic disease comes 
always from a parent stock. It behaves as germinal 
matter, and they do not hositate to regard it as euch. 
They no more beliove in the epontaneous generation of 
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mich diseases, than they do in the spontaneous generation 
of mice. Pasteur, for example, found that pébrine had been 
known for an indefinite time as a disease among silk- 
worms. The development of it which he combated was 
merely the expansion of an alrendy existing power—the 
bursting into open conflagration of a previously emoul- 
dering fire. There is nothing surprising in this, For 
though epidemic disease requires a special contagium to 
produce it, surrounding conditions must have a potent, 
influence on its development. Common seeds may be 
duly sown, but the conditions of temperature and moisture 
may be such aa to restrict, or altogether prevent, the 
subesquent growth. Looked at, therefore, from the point 
of view of the germ theory, the exceptional energy which 
epidemic disease from time to time exhibite, is in har- 
mony with the method of Nature. We sometimes hear 
diphthorin spoken of as if it were a new disease of the 
last twenty years; bot Mr. Simon tells me that about 
three centuries ago tremendous epidemics of it began to 
rage in Spain (where it was named Garvotille), and soon 
aflerwards in Italy ; and that since that time the disease has 
been well known to all successive generations of doctors. 
Tn or about 1758, for instance, Dr. Starr, of Liskeard, in 
& communication to the Royal Society, particularly 
described the disease, with all the characters which have 
recently again become familar, but under the name of 
morbus strangulatorines, az then severely epidemic in 
Cormwall. This fact is the more interesting, as diph- 
theria, in its more modern reappearmnee, again showed 
Prediloction for that remote county. Many also believe 
that the Black Death, of five centuries ago, has disappeared 
as mysteriously as it came; but Mr. Simon finds that it 
fs believed to be prevalent at this hour in some of the 
north-western parts of India. 

Let me here state an item of my own experience. When 
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was difficult to imagine how scarlet-fev 
wafted to the place. A drain ren close 
on it his suspicions were manifestly fix 
medical writers would fortify him in thi 
deflect him from the truth, while those 
would deny to a drain, however foul, ti 
ducing a specific disease. After close 
lected that a hobby-horse had been usec 
and another who, a short time previot 
through scarlet-fever. 

Drains and cesspools, indeed, are by 1 
evil odour as they used to be. A fetid Tl 
death-rate occur from time to time togetl 
For, if the special matter or germs of ep 
be not present, a corrupt atmosphere, hot 
otherwise, will not produce the disorde: 
germs be present, defective drains and « 
the potent distributors of disease and de 
air may promote an epidemic, but cannot 
the other band, through the transport of 








be carried in the pocket and sown. Hildebrand, to whose 
remarkable work, ‘Du Typhus contagieux,’ Dr, de Mussy 
hae directed my attention, gives the following striking 
ease, both of the durability and the transport of the virus 
of eearlatina : * Un habit noir que j'avais en visitant une 
malade nttaquée de scarlatine, et que je portai de Vienne 
wm Podolie, sans Vavoir mis depuis plus d'un an eb demi, 
me communiqua, dis que je fus arrivé, cette maladie con- 
tagieuse, que je répandis ensuite dans cette province, cit 
elle était jusqu’alors presque inconnue.’ Some years ago 
Dr. de Musay himself was summoned to a country house 
in Surrey, to seo a young Indy who wns suffering from a 
dropsy, evidently the consequence of scarlatina. The 
original disease, being of a very mild character, had been 
quite overlooked ; but circumstances were recorded which 
eould Jeave no doubt upon the mind as to the natare 
and canse of thecomplaint. But then the question arose, 
How did the young lady catch the scarlatina? She had 
ome there on a visit two months previously, and it was 
only after she had been a month in the house that she 
was taken ill. The housekeeper at length cleared up the 
mystery. The young lady, on her arrival, had expressed a 
wish to occupy s room in an isolated tower. Her desire 
‘was granted ; and in that room, six months previously, o 
Yisitor had been confined with an attack of scarlatina. 
The room had becn swept and whitewashed, but the 
‘earpota had been permitted to remain. 
Thousands of cases could probably be cited in which 
the disease has shown itself in this mysterious way, but 
where a strict examination has revealed its true parentage 
and extraction. Is it, then, philosophical to take refuge 
in the fortuitous concourse of atoms as a cause of specific 
disease, merely becouse in special cases the parentage 
tay be indistinct ? Those best acquainted with atomic 
ature, and who are most ready to admit, as regards even 
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higher things than this, the potentialities of matter, will 
be the last to accept these rash hypotheses, 


The Germ Theory applied to Surgery. 

Not only medical but surgical science is now seeking 
light and guidance from this germ theory. Upon it the 
antiseptic system of Professor Lister of Edinburgh is 
founded. As already stated, the germ theory of patre- 
faction was started by Schwann, but the illustrations of 
this theory adduced by Professor Lister are of such public 
moment as not only to justify, but to render impenitive, 
their introduction hore, 

Schwann’s observations (says Professor Listor) did not receive 
the attention which they appeared to me to have deserved. The 
formontation of sagar was generally allowed to ba occasioned by 
the torula cerevisias; but it was not admitted that putrefaction 
was duo to an analogous agency. And yot tho two ensca presont 
a very striking parallel. In each a stable chemical. compound, 
sugar in the ono cao, albumen in the othor, undergocs oxtea- 
ordinury chemical chunges under the influence of an excemively 
minute quantity of a substance which, regarded chemically, we 
should suppose inert, As an example of this in the case of 
putrefaction, Jet us take a circumstance often witnessed in the 
treatment of large chronic abscesses. Tn order to guard againat 
the access of atmospheric nir, we used to draw off the matter by 
means of a cannula and trocar, such as you sea here, conslating of 
asilver tube with a sharp-pointed stool rod fitted into it, and 
projecting beyond it, ‘The instrument, dipped in oll, was thrust 
into the cavity of the absoens, the trocar was withdraws, and the 
pur flowed out through the canula, care being taken by gontio 
pressure over the part to prevent the possibility of regurgitation. 
The canula was then drawn out with due procantion against tho 
reflux of air. This method was frequently succeamful as to its 
immodiate object, the patient being relieved from the masa of 
the nccurnulated fluid, and experiencing no inconvenience from 
the operation. But the pus was pretty certain to reaccumulate 
in couree of time, and it became necessary again and again to 
tepeat the proces, And unbappily there was no - absolute 
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entre Fimmunity from bad consequences. Howavor care- 
fully the procedure was conducted, it sometimes happened, even 
ray the puncture scemed healing by firet intention, that 

feverish symptoms declared themselves in the course of the first 
or second day, amd, om inspecting the seat of the abscess, the 
skin was perhaps soon to be red, implying the presence of nome 
‘ceatzse of irritation, while « rapid reaccumnlation of the fluid was 
found to have occurred. Under these circumstances, it became 
necessary to open the abscess by free incision, when a quantity 
Large in proportion to the size of the abcoas, say, for example, = 
= aa aoa from putrefaction. Now, how had 

this change been brought about? Without the germ theory, I 
venture to my, no rational explanation of it could have been 
given. It must have boon caused by the introduction of some- 
thing from without. Inflammation of the punctured wound, 
‘even supposing it to have occurred, would not explain the pheno- 
enon. For mer inflammation, whether acute or chronic, 
‘though it occasions the formation of pus, doos not induce putre~ 
fietion. The pus originally evacuated waa perfectly sweet, and 
we know of nothing to account for the alteration in its quality 
bat the influence of something derived from the external world. 
Avd what could that something be? The dipping of the insten- 
‘ment in oil, and the subsequent procautions, prevented the en- 
trance of oxygen, Or even If you allowed that a fow atoms of 
the gas did enter, it would be an extraordinary assumption to 
make that these could in #9 short a time effect such changes in 
0 large a mass of albuminous matorinl. Bosides, the pyogenic 
membrane is abundantly supplied sit enlie als mca 
which artarial blood, rich in oxygen, in perpetually flowing; and 
‘there can be little doubt that the pus, before it was evacuated at 
all, wus liable to any action which tho element might be disposed 
to exert upon it. 

On the oxygen theory, then, the occurrence of putrefhetion 
mnder these circumstances is quite inexplicable, But if you 
admit the germ theory, the difficulty vanishes at once. ‘The 
eannla and trocar having been lying exposed to the air, dust 
‘will have boon deposited upon them, and will be present in the 
angle between the trocar and the silver tubs, and in that pro~ 
tected situation will fail to be wiped off when the instrument is 
Oo a ‘Then when the trocar is withdrawn, 








Ja there, you may ask, any organism to be detected in the putre- 
fying pus? Yes, gentlomen, there in, If any drop of the putrid 
matter is examined with a good glass, it ix found to be teeming 
with myriads of mirmte jointed bodies, called vibrioa, which 
indubltably proclaim their vitality by the energy of their move- 
ments It is not an affair of probability, bat a fhet, that the 
‘entiro mass of that quart of pus has become peopled with living 
organisms as the resalt of the introduction of the canula and 
trocir; for tho matter first lot. out was ns free from vibrios as it 
wns from putrefaction, If this be #0, the greatnesof the chemical 

that have taken plico in the pus ceases to be surpriaing. 
Wo know that it ia one of the chief peculiarities of living strac- 
tures that they possess axtraordinary powers of affecting chemical 
changes in materials in thoir vicinity, ont ef all proportion to 
their energy as mere chomical compounda, And we can hardly 
doubt that the animalcules which have been developed in the 
albuminous liquid, and have grown at ite expenee, must have 
altered ita constitution, just as wo ourselves alter that of the 
muterials on which we feed.! 


In the operations of Profesor Lister care is taken 

that every portion of tissue laid bare by the knife sball 

be defended from germs; that if they fall upon the 
# Introductory Lecture before the Cuiversity af Bliabungh.! 
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wound they shall be killed as they fall, With this in 
view be showers upon his exposed surfaces the spray of 
diluted carbolic acid, which is particularly dondly to the 
germs, and he surrounds the wound in the most caroful 
manner with antiseptic bandages. To those accustomed 
to strict experiment it is manifest that we have a strict 
experimenter here—a man with a perfectly distinct object 
in view, which he pursues with never-liring patience and 
unwavering faith. And the result, in his hospital 
practice, as described by himself, has boon, that evon in 
the midst of abominations too shocking to be mentioned 
here, and in the neighbourhood of wards where death 
was rampant from pywmia, erysipelas, and hospital gan- 
grene, he was able to keep his patients absolutely free 
from these terrible seonrges. Let me here recommend 
to your attention Professor Lister's ‘Introductory 
Lecture before the University of Edinburgh,’ which I have 
already quoted; his paper on ‘The Effect of the Anti- 
septic System of Treatment on the Salubrity of a Surgical 
Hospital ;’ and the article in the  Britiah Medical Journal’ 
of January 14, 1871. 

If, instead of using carbolic acid spray, he could sur- 
round his wounds with properly filtered air, the result, 
‘would, he contends, be the same. Tn a room where the 
germs not only float: but cling to clothes and walls, this 
would be difficult, if not impossible. But surgery is 
acquainted with a class of wounds in which the blood is 
freely mixed with air that has passed through the lunge, 
and it ie a most remarkable fact that euch air doos not 
‘produce putrefaction. Professor Lister, as far as T know, 
‘was the first to give a philosophical interpretation of this 
fact, which he describes and comments upon thus: 

Thave explained to my own mind the remarkable fact that 
in simple fracture of the ribs, if the lung be punctured by a 
fmgmont, te blood oflised into the pleural cavity, tough 





ne alarm to the surgeon ( ‘if the blood in the pleura 
wore to putrefy, it would occasion dangerous snpye- 
rative plourisy). Why air introduced into the ploural cavity 
through a wonnded tung, should have wuch wholly different 
Sects from that entering dirvetly through a wound in the chet, 
‘was to me complete mystery until I heart of the germ theory 


‘of putrefaction, when it at once occurred to me that it was 


& 


air, but from something contained in the air. They bold, 
moreover, that this ‘something’ is not o vapour wor o 
a8, nor indeed a molecule of any kind, but a particte' 
The term ‘purticulate’ has been used in the Reports of 
the Medical Department of the Privy Council to describe 
this supposed constitution of contagious matter; and Dr. 
Sanderson's experiments render it in the highest degree 
probable, if they do not actually demonstrate, that the 
virus of small-pox is ‘particulate.’ Definite knowledge 
upon this point is of exceeding importance, because in 
tho treatment of particles methods are available which 
it would be futile to apply to molecules, 


Aw rogards sine, thorw it probably no shurp line of division betwous 

molecules and particles ; the one gradually shnos into the other, Hut the 

distinction that I would draw is this: the stom or the molecule, if free, 
port of a gas, tho particle ie never eo. A particle is » bit of ligedd 
‘matter, formed by the aggregation of atoms or molecalen. 
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Application of Tuminous Beams to these Researches. 


My own interference with this great question, while 
sanctioned by eminent names, has been also an object of 
varied and ingenious attack. On this point I will only 
say that when angry feeling escapes from behind the 
intellect, where it may be useful as an urging foree, and 
places itself athwart, the intellect, it is liable to produce 
all manner of delusions. Thus my censors, for the most. 
part, bare levelled their remarks against positions which 
‘were never assumed, and against claims which were never 
made. ‘The simple history of the mattor is this: During 
the autumn of 1868 I was much occupied with the obser- 
vations referred to at the beginning of this discourse. 
For fifteon years it had been my habit to make use of 
floating dust to reveal the path of luminous beams 
through the air; but until 1868 I did not intentionally 
reverse the process, and employ luminous beam to reveal 
and examine the dust. In a paper presented to the Royal 
Society in December, 1869, the observations which in- 
duced me to give more special attention to the question 
of spontaneous generation, and the germ theory of epi- 
demic disease, are thus described: 


The Floating Matter of the Air. 


Prior to the discovery of the foregoing action (the chemical 
setion of light upon vapours, Fragment IV,), and abo during 
the experiments just referred to, the nature of my work compelled 
‘me to aim nt obtaining experimental tubes absolutely clean upon 
the surface, and nbeolutely free within fom suspended matter, 
Neither condition is, however, easily attained. 

‘For however well the tubes might be washed and polished, 
and however bright and puro thoy might appear in ordinary 
daylight, the electric beam infallibly revealed aigns and tokens 
of dirt, ‘The air wna always present, and it was sure to depesit 





with air or vapour, contains nothing competent to scatter the 
light. The space within it has the aspect of an absolute 
vacuum. 


An experimental tube in this condition I call optically 






1 5 feet, and which may be from 2 to 3 inches in diamoter. 
From the end S, the pipe pp’ pames to.an air-pump. Connected 


id 
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with the other end § we have the flask P, containing the liquid 
whose vapour is to be examined; then follows » U-tube, T, 
filled with fragments of clean glass, wetted with sulpburie acid; 
then a second U-tube, T’, containing fragmenta of marble, wetted 
with caustic potash ; and finally a narrow straight tabe ¢ ¢', con- 
taining a tolerably tightly fitting plag of cotton-wool. To save 


Through the cork which stops the flask F two glass tubes, 
a and b, pass air-tight, The tube a ends immediately under the 
cork ; the tube 4, on the contrary, descends to the bottom of the 
flask and dips into the liquid. The end of the tube 6 is drawn 
‘out 80 as to render very small the orifice through which the air 
escapes into the liquid. 

‘The experimental tube 8 SY being exhausted, s cock st the 
end §/ is turned carefully on. The air pames slowly through 
the cotton-wool, the caustic potash, and the sulphuric acid in 
succession. Thus purified, it enters the flask F and bubbles 
through the liquid. Charged with vapour, it finally passes into 
the experimental tube, where it is submitted to exemination. 
‘The electric lamp L placed at the end of the experimental tube 
farnishes the necessary beam. 


The facte here forced upon my attention had s bearing 
too evident to be overloked. The inability of air which 
had been filtered through ovttun-wool to generate animal- 
cular life, had been demonstrated by Schroeder and 
Pasteur: here, the cause of ite impotence was rendered 
evident to the eye. The experiment proved that no 
sensible amount of light was scattered by the molecules 
of the air; that the scattered light always arose from sus- 
pended particles; and the fact that the removal of these 
abolished simultaneously the power of scattering light 
and of originating life, obviously detached the life-origi- 
nating power from the air, and fixed it on something sus- 
pended in the air. Gases of all kinds passed with freedom 
through the plug of cotton-wool; hence the thing whose 








removal by the cotton-wool rendered tho gas: impotent, 
could not itself have been matter in the gaseous condition. 
It st onco occurred to me that the retina, protected as it 
was, in these experiments, from all extraneous light, 
might be converted into a new and powerful instrument: 
of demonstration in relation to the germ theory. 

But the observations also revealed the danger incurred 
in experiments of this nature; showing that without an 
amount of care far beyond that hitherto bestowed upon 
them, such experiments left the door open to errors of 
the gravest description. It was especially manifest that 
the chemical method employed by Schultz in his oxperi- 
ments, and so often resorted to since, might lead to the 
most erroneous consequences; that neither acids nor 
alkalies had the power of rapid destruction hitherto. as 
cribed to them, In short, the employment of the lumin- 
‘ous beam rendered evident the cause of success in experi- 
ments rigidly conducted like those of Pasteur; while it 
made equally evident the certainty of failure in expexi- 
ments leas severely and lees skilfully carried out. 


Dr. Bennett's Experiments. 

But Ido not wish to leave an assertion of this kind 
without illustration. Take, then, the well-conceived 
of Dr. Hughes Bennett, described before the 
Royal Society of Surgeons in Edinburgh on January 17, 
1868. Into flasks containing decoetions of liquorice-root, 
hay, or tea, Dr. Bennett, by an ingenious method, forced 
air. The air was driven through two U-tubes, the one 
containing # solution of caustic potash, the other sulphuric 
acid. ‘All the bent tubes were filled with fragments of 
pumice-stone to break up the air, so as to prevent the 
possibility of any germs passing through in the centre of 
bubbles.’ ‘Tho air also passed through a Liebig’s bulb 

) *Birtish Midis Journal,’ 13, pt. ii, 1888, 





containing sulphuric xeid, and also through a bulb con= 
taining gun-cotton. 

Tt was only natural for Dr. Bennett to believe that his 
“bent tubes’ entirely cut off the germs. Previous to tho 
observations just referred to, I also believed in their 
efficacy. But these observations destroy any such notion. 
The gun-cotton, moreover, will fail to arrest the whole of 
the floating matter unless it is tightly packed, and there 
is no indication in Dr, Bennett's memoir that it was so 
packed. On the whole, I should infer, from the mere 
inspection of Dr. Bennett's apparatus, the very results 
which he has deseribed—a retardation of the develop- 
ment of life, a total absence of it in some cases, and its 
presence in others. 

In his first series of experiments, eight flasks were fed 
with his sifted air, and five with common air. In ten or 
twelve days all the five had fungi in them; whilst it re- 
quired from four to nine months to develop fungi in the 
others. In one of the eight, moreover, even after thie 
interval no fungi appeared. In a second series of ex- 
periments there was a similar exception. In a third 
series the cork stoppers used in the firet and second 
series were abandoned, and glass stoppers employed. 
Flasks containing decoctions of tea, beef, and bay were 
filled with common air, and other flasks with sifted air. 
Tn every one of the former fungi appeared and in not 
one of the latter, These experiments simply ruin the 
doctrine that Dry Bennett finally espouses. 

In all these negative enses, the prepared air was farced 
into the infusion when it was boiling hot. Dr, Bonnett 
made # fourth series of experiments, in which, previous to 
forcing in the air, he permitted the flasks to cool. Into 
four bottles thus treated he foreed prepared air, and after 
4 time found fungi in all of them. What is his conclu 
sion? Nob that the boiling hot. liquid, employed in his 
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first: experiments, had destroyed such germs as had run 
the gauntlet of his apparatus; but that air which, pre- 
vious to being sealed up, had been exposed to a tempera- 
tare of 212°, is too rare to support life! This conclusion is 
so remarkable that it ought to be stated in Dr. Bennett's 
own words, ‘It may be easily conceived that air sub- 
jected to a boiling temperature is so expanded as scarcely 
to merit the namo of air, and that it is more or less unfit 
for the purpoee of sustaining animal or vegetable life.’ 

‘Now numerical data are attainable here, and as a 
matter of fact I live and flourish fora considerable por 
tion of each year in a medium of less density than that 
which Dr. Bennett describes as scarcely meriting the name 
of air. The inhabitants of the higher Alpine chilets, with 
their flocks and herds, and the grasses which support these, 
do the same; while the chamois rears its kids in air rarer 
still. Insect life, moreover, is sometimes exhibited with 
monstrous prodigality at Alpine heights. 

‘Tn a fifth seriee of experiments sixteen bottles were 
filled with infusions. Into four of them, while cold, or- 
dinary unheated and unsifted air was pumped. In these 
four bottles fungi were developed. Into four other bottles, 
containing a boiling infusion, ordinary air was also pumped 
—no fungi were here developed. Into four other bottles 
containing amt infusion which bad been boiled and per- 
mitted to cool, sifted air was pumped—no fungi were 
developed. Finally, into four bottles containing a boiling 
infusion sifted air was pumped—no fungi were developed. 
Only, therefore, in the four cases where the infusions were 
cold infusions, and the air ordinary air, did fangi appear. 

Dr. Bennett does not draw from his experiments the 
conclusion to which they so obviously point. On them, 
‘on the contrary, he founds 4 defence of the doctrine of 
spontanoous generation, and a general theory of sponta 
peous development. So strongly was he invpreseed with 
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the idea that the germs could not possibly pass through 
his potash and sulphuric acid tubes, that the appearance 
of fangi, even in a smal} minority of cascs, where the air 
had been sent through these tubes, was to him conclusive 
evidence of the spontaneous origin of sueh fungi. And 
he accounts for the absence of life in many of his experi= 


Dr, Bennett are precisely what ought under the cireum- 
stances to be expected. Indeed, their harmony with the 
conditions now revealed is a proof of the honesty sud 
acouracy with which they were executed. a 

The caution exercised by Pasteur both in the exe- 
cution of his experiments, and in the reasoning bared 
upon them, is perfectly evident, to those who, through the 
practice of severe experimental enquiry, have rendered 
themselves competent to judge of good experimental work. 
He found germs in the mereury used to isolate his air. 
‘He was never sure that they did not cling to the instru- 
‘ments he employed, or to hisown person. ‘Thus when he 
opened his hermetically sealed flasks upon the Mer de 
Glace, he had his eye upon the file used to detach. the 
drawn-out necks of his bottles ; and he was careful to stand 
to leeward when each flask was opened. Using these precau- 
tions, he found the glacier air incompetent, in nineteen 
cases out of twenty, to gonerate life; while similar flasks, 


teur's experiments in the Pyrenees, adopting the precan= 
tion of holding his flasks above his head, and obtaining 
a different result. Now great care would be needed to 
render this procedure a real precaution, The luminous 
beam at once shows us its posible etfoct. Let smoking 
‘brown paper be placed at the open mouth of a glass 
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shade, so that the smoke shall ascend and fill the shade. 
A beam sent through the shade forms a bright track 
‘through the smoke. When the closed fist is placed under- 
neath the shade, a vertical wind of surprising violence, 
considering the small elevation of temperature, rises from. 
the hand, displacing by comparatively dark air the illumi- 
nated smoke. Unless special care’ were taken such a wind 
would rise from M. Pouchet’s body as he held his flaska 
above his head, and thus the precaution of Pasteur, of not 
coming between the wind andthe flask, would be annulled, 
Let me now direct attention to another result of 
Pasteur, the cause’ and significance of which are at once 
revealed bythe luminous beam, Ho prepared twonty-one 
Alaske, each containing a decoction of yeast, filtered and 
elear. He boiled the decoction so as to destroy what~ 
ever germs it might contain, and, while the space above 
the liquid was filled with pure steam, he sealed his flasks 
with o blow-pipe. He opencd ten of them in the deep, 
damp caves of the Paris Observatory, and eleven of them 
in the courtyard of the establishment. Of the former, 
one only showed signs of life subsequently. In nine out 
of the ten flaske no organisms of any kind were deve~ 
oped. “In all the others organisms speedily appeared. 
‘Now here isan experiment conducted in Paris, on 
which we can throw obvious light in London. Causing 
‘our luminous beam to pase through a large flask filled with 
the airof this room, and charged with its germs and ite 
‘dust, the beam is seen crossing the flask from side to side. 
Bat bere'is another similar flask, which cuts a clear gap 
out of the beam. It is filled with wnfiltered air,and still 
no trace of the beam is visible. Why? By pure accident 
‘Tstumbled on this flask in ourapparatus room, where it had 
semained quiet for some time. Acting: upon this obvious 
suggestion I set aside three other flasks, filled, in the first 
instance, with mote-filled air, They are now optically 
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producing attach themselves to the fibres of 
cotton-wool. In the presont experiment the motes have 
been brought by gentle air-currents, established by slight 
differences of temperature within our closed veseels, into 
contact with the interior surface, to which they 

The air of these finake Tins deposited its dust, germa'and’ 
all, and is practically free from suspended matter. aie 

I had a chamber erected, the lower half of which is 
of wood, its upper half being enclosed by four glazed 
window-frames. It tapers to a truncated cone at. the top 
Tt measures in plan 3 ft, by 2 ft. 6 in. and its height 
is 5 ft. 10 in, On February 6 it was closed, every 
crevice that could admit dust, or cause displacement of 
the air, being carefully pasted over with paper. The 
electric beam at first revealed the dust within the cham= 
ber as it did in the air of the laboratory. The chamber 
was examined almost daily; a perceptible diminution of 
the floating matter being noticed as time advanced. At 
the end of a week the chamber was optically empty, exhi- 
biting uo trace of matter competent to scatter the light. 
Such must have been the cage in the stagnant caves of the 
Paris Observatory. Were our electric beam sent: 
the air of these caves its track would be invisible; thus 
showing the indissoluble association of the scattering of 
light by air and its power to generate life. 

I will now tum to what seems to me a more interest~ 
ing application of the luminous beam than any hitherto 
doseribed. My reterence to Professor Lister’s it 
of the fact, that air which has passed through the lungs 
cannot produce putrefaction, is fresh in your memories. 
‘Why air,’ said he, ‘introduced into the pleural cavity, 
through a wounded lung, should have such wholly different 
effects from that entering through a permanently open 
wound, penetrating from without, was to me a complete 
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mystery, till E heard of the germ theory of putrefaction, 
when it at once occurred to me that it was only natural 
that the wir should be filtered of germs by the air-passages, 
‘one of whose offices is to arrest inhaled particles of dust, 
and prevent them from entering the air-cells.’ 

Here is a surmise which bears the stamp of genius, but 
which needs verification. If, for the words ‘it is only 
natural’ we were authorised to write *it is perfectly car- 
tain, the demonstration would be complete. Such de- 
monstration ix furnished by experiments with a beam of 
light. One evening, towards the close of 1869, while 
pouring various pure guses across the dusty track of a 
Inminons beam, the thought occurred to me of using my 
breath instead of the gases. I then noticed, for the first 
time, the extraordinary darknew produced by the expired 
air, towards the end of the expiration. Permit me to re- 
peat the experiment in your presence. I fill my lunge with 
ordinary air and breathe through a glass tube across the 
beam. The condensation of the aqueous vapour of the 
breath isshown by the formation of a luminous white cloud 
of delicate texture. We abolish this cloud by drying the 
breath previous to its entering the beam; or, still mors 
simply, by warming the glass tube. ‘Tbe luminous track of 
‘the beam is for a time uninterrupted by the breath, because 
the dust returning from the lings makes good, in great 
part, the particles displaced. After a time, however, an 
obscure disk appears in the beam, the darkness of which 
increases, until finally, towards the end of the expiration, 
the beam is, as it were, pierced by an intensely black 
hole, in which no particles whatever can bo discerned. 
‘The deeper air of the lungs is thus proved to be absolutely 
free from suspended matter. It is therefore in the precise 
condition required by Profesor Lister's explanstion. 
Thiz experimont may be repeated any number of times 
with the same result. I think it must be tegarded aa a 
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crowning piece of evidence both of the correctness of 
Professor Lister's views and of the impotence, as regards 
vital development, of optically pure sir.’ 


Application of Iwminous Beams to Water. 


‘The method of examination here pursued is also appli- 
cable to water. It is in some sense complementary to 
that of the microscope, and may, I think, materially sid 
enquiries conducted with that instrument. In micro- 
scopic examination attention is directed to a small portion 
of the liquid, and the aim is-to detect the individual 
suspended particles, By the present method a large 
portion of the liquid is illuminated, its general condition 
being revealed, by the ecattered light. Care is taken 
to defend the eye from the accees of all other light, and, 
thus defended, it becomes an organ of inconceivable deli- 
cacy. Indeed, an amount of impurity so infinitesimal as 
to be scarcely expressible in numbers, and the individual 
particles of which are so small as wholly to elude the 
microscope, may, when examined by the method alluded 
to, produce not only sensible, but striking, effects upon 
the eye. 

We will apply the method, in the first place, to an 
experiment of M. Pouchet intended to prove conclusively 
that animalcular life is developed in cases where no ante- 
cedent germs could possibly exist. He produced water 
from the combustion of hydrogen in air, justly arguing 
that no germ could survive the heat of a hydrogen 
flame. But he overlooked the fact that his aqueous vapour 
was condensed in the air, and was allowed as water to 


+ Dr. Burdon Sanderson draws attention to the important observation 
of Brauell, which shows that the contagium of a pregnant animal, suffering 
from splenic fever, is not found in the blood of the feetus; the placental 
apparetas acting as « filter, and holding beck the intective panics, 
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, 
trickle through the air. Indeed the experiment is one ot 
‘a number by which workers like M, Pouchet are differen- 
tiated from warkers like Pasteur. I will show you some 
water, produced by allowing a hydrogen flame to play 
upon a polished silver condenser, formed by the bottom of 
‘@ silver basin, containing ice, The collected liquid is 
pellucid in the common light; but in the condensed 
eloctric beam it is seen to be laden with particles, eo thick~ 
‘strewn and minute as to produce a continuous luminous 
cone. In passing through the air the water loaded itself 
with this matter; and the deportment of such water 
could obviously have no influence in deciding this great 
‘question. 

We are invaded with dirt not only in the air we 
breathe, but in the water we drink. To prove this I take 
the bottle of water intended to quench your lecturer's 
thirst; which, in the track of the beam, simply reveals 
iteolf as dirty water. And this water is no wore than 
the other London waters. Thanks to the kindness of 
Professor Frankland, I have been furnished with speci- 
‘mens of the water of eight London companies. They are 
all laden with impurities mechanically suspended. But 
you will ask whether filtering will not remove the sus 
pended matter? The grosser matter, undoubtedly, but 
not the more finely divided matter, Water may be 
paseed any number of times through bibulous paper, it 
will continue laden with fine matter. Water passed 

the charcoal filter of Lipscomb's, or through the 
filters of the Silleated Carbon Company, has its grosser 
‘matter removed, but it is thick with fine matter. Nines 
tenths of the light scattered by these suspended partiches 
is perfectly polarised in a direction at right angles to the 
beam, and this release of the particles from the ordinary 
law of polarisation is a demonstration of their smallness, 
T should say by far the greater number of the particles 
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. 
concerned in this scattering are wholly beyond the range 
of the microscope. and no ordinary filter can intercept 
such particles, It is next to impomible, by artificial 
means, to produce a pure water, Mr. Hartley, for exam- 
plo, some time ago distilled water while it was surrounded 
by hydrogen, but the water was not free from floating 
matter. It is so hard to be clean in the midst of dirs, 
In water from the Lake of Geneva, which has remained 
long without being stirred, we have an approach to the 
pure liquid. I havea bottle of it here, which was carefully 
filled for me by my distinguished friend Soret. The 
track of the beam through it is of a delicate aky-blue; 
thore is scarcely a trace of groer matter. 

‘The purest water that I have soon—probably the purest 
which has been seen hitherto—has been obtained from the 
fusion of selected specimens of ice. Butextrordinary pre- 
cautions are required to obtain this degree of purity. 
‘The following apparatus has been devised and constructed 
by my assistant for this purpose: Through the plate of 
an air-pump passes the shank of a large funnel, attached 
to which below the plate is a clean glass bulb. In tho 
funnol is placed a block of the most transparent ice, and 
over the funnel a glass reociver. This is first exhausted 
and refilled several times with sir, filtered by its paseage 
through cotton-wool, the ice being thus surrounded by 
pure moteless air. But the ice has previously been in 
contact with mote-filled air; it is therefore necessary to 
let it wash its own surface, and also to wash the balb 
which is to receive the water of liquefaction. The ioe ix 
permitted to melt, the bulb is filled and emptied several 
times, until finally tho large block dwindles to a small 
one, We may be sure that all impurity has been thus 
removed from the surface of tho ice, The water obtained 
in this way is the purest hitherto obtained, Still! I 
should hesitate to call it absolutely pure. When 





it holds in solution. The chalk-water in the | 
hood of Watford contains about seventeen grains of car- 
donate of lime per gallon, This, in the old terminology, 
used to be called seventeen degrees of hardness, Now 
this hard water is bad for tea, bad for washing ; and it furs 
our boilers, because the lime held in golution is precipi~ 
tated by boiling. If the water be used cold, its hardness 
must be neutralised st the expense of soap, before it will 
give a lather. ‘Those are serious objections to the use of 
chalk-water in London. But they are successfully mat by 
the demonstration that euch water can be softened 

sively, and on a grand seale. I had long known the method 
of softening water called Clark’s process, but not until 
recently, under the guidance of Mr, Homersham, did I 
see proof of ite larger applications. The chalk-water is 
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softened for the supply of the city of Canterbury; and at 
the Chiltern Hills it is softened for the supply of Tring 
and Aylesbury. Caterham also enjoys the luxury. 

“T have visited all these places, and made myself 
acquainted with the works. At Canterbury there are 
three reservoirs covered in and protected, by a concrete 
‘roof and layers of pebbles, both from the summer's heat 
and the winter's cold. Each reservoir can hold 120,000 
gallons of water. Adjncent to these reservoirs aro others 
containing pure élaked lime—the so-called ‘cream of 
lime.” These being filled with water, the lime and water 
are thoroughly mixed by air forced in by an engine 
‘through apertures in the bottom of the reservoir. ‘The 
‘water soon dissolves all the lime it ix capable of dis 
solving. The mechanically suspended lime is then allowed 
‘to subside to the bottom, leaving a perfectly transparent 
lime-water behind. 

The softening process is this: Into one of the 
‘empty reservoirs is introduced a certain quantity of the 
clear lime-water, and after this about nine times the 
quantity of the chalk-water. The transparency imme- 
dintely disappears—the mixture of the two clear liquids 
‘becoming thickly turbid, through the precipitation of 
carbonate of lime. The precipitate is permitted to sub- 
wide. It is crystalline and heavy, and in about twelve 
hours a layer of pure white carbonate of lime ix formed 
‘at the bottom of the reservoir, with a water of extra- 
ordinary beauty and purity overhead. A few days ago 
I pitched some halfpence into a reservoir sixteen foot 
deep ut the Chiltern Hilla, This depth hardly dimmed 
the coin, Hud I cast in a pin, it could have been seen at 
the bottom. By this process of softening, the water is 
reduced from about seventeen degrees of hardness, to 
three degrees of bardnoss. It yields a luther immediately, 
Ita temperature is constant throughout the year, In the 
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hottest summer it ie cool, ite temperature being twenty 
degrees above the freezing points and it docs not freeze 
in winter if conveyed in proper pipes, The reservoirs 
‘are covered ; a leaf cannot blow into them, and no surface 
contamination can reach the water. It passes direct from 
the main into the house tap; no cisterns are employed, 
and the supply is always fresh and pure. This is the 
kind of water which is supplied to the fortunate people of 
‘Tring, Caterham, and Canterbury. 


‘The foregoing article, as far ag it relates to the theory 
which ascribes epidemic disease to the development of 
low parasitic life within the human life, was embodied in 
a discourse delivered before the Royal Institution in 
January 1870, In June 1871, after a brief reference to 
the polarisation of light by cloudy matter, I ventured 
to recur to the subject in these terms: What is tho 
practical uses of these curiosities? If we exclude the 
interest, attached to the observation of new facts, and the 
enhancement of that interest through the knowledge that 
facts often become the exponents of laws, these curiosities 
are in themselves worth little. They will not enable us 
to add to our stock of food, or drink, or clothes, or jewel- 
lery. But though thus shorn of all usefulness in them- 
selves, they may, by carrying thought into places which it 
would not otherwise have entered, become the antecedents 
of practienl consequences. In looking, for example, at 
our illuminated dust, we may ask ourselves what it ix. 
How does it act, not upon a beam of light, but upon our 
own organisations? ‘The question then assumes a prac- 
tical character, We find on examination that this dust 
ig organic matter—in part living, in part dead. There 
are among it particles of ground straw, torn rags, smoke, 
the pollen of flowers, the spores of fungi, and the germs 
of other things. But what have they to do with the 
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eS ane ‘Let me give you an illustration to 
‘my attention has been lately drawn by Mr, George 
Btn ho te 
I wish to direct your attention to the experiments of 
= _Recklingshausen should you happen not to know 
‘They are striking confirmations of what you say 
and disease. Last spring, when I was at his 
in Wiirzburg, [ examined with him blood that 
had been three wooks, a month, and five weeks, out of 
the body, preserved in little porcelain cups undor glasa 
shades. This blood was living and growing, Not only 
‘were the Ameba-like movements of the white 
(present, but there were abundant evidences of the growth 
and development of the corpuscles. I also saw a frog's 
heart still pulsating which had been removed from the 
‘body (1 forget how many days, but certainly more than a 
week). Thore were other examples of the same persistent: 
vitality, or absence of putrefaction, Von Recklings- 
hausen did not attribute this to the absence of germs— 
germs wore not mentioned by him; but when I asked him 
how he represented the thing to himself, he said the whole 
of his operation consisted in keeping the blood 
‘ree from dirt. The instruments employed were raised to 
rod beat just before use; the thread was silver thread and 
similarly treated ; and the porcelain cups, though nob 
sept free from air, wore kept free from currents, He eaid ha 
often had failures, and these he attributed to particles of 
dust having escaped his precautions. 

Professor Lister, who has founded upon the removal 
or destruction of this ‘dirt’ great and sumerous improve= 
ments in surgery, tells us the effect of its introduction into 
the blood of wounds, He informs us what would happen 
with the extracted blood should the dust got at it. ‘The 
blood would putrefy and become fetid ; and when you 
examine more closely what putrefaction means, you find 
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life as a derivative of life. ‘The question has | 
the evidenee, and the mind that judges of the. 
prorosen gtr aa r bi 


todo with ns? Let us see. There are: 

of mon and animals that are demonstrably the | 

pamsitic lif, and such diseases may take the most te 

epidemic forms, as in the case of the 

in our day. Now it is in the highest degree important 

to know whether the parasites in question are porta: 

neously developed, or aro wafted from without to thoso 

aMMicted with the disease. The means of prevention, if 

not of car, would be widely difforont in the two cases) 
Bot this is not all. Besides these universally admitted: 

cams, Ubore is the broad theory, now broached and daily. 

evouing in strength and clearness—daily, indeed, gaining 

Woe aod more of asent from the most successful workent: 

‘Mil profound thinkers of the medical profession itself—- 
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‘the theory, namely, that contagious disease, generally, is of 
this porasiticchameter. Had I any cause to regrot having 
introduced this theory to your notice more thana year ago, 
‘that regret should now be expressed. I would certainly 
Fenounce in your presence whatever leaning towards the 
germ theory my words might then have betrayed. But 
#ince the time referred to I have heard or read nothing 
which shakes my conviction of the truth of the theory. 
Let me briefly state the grounds on which its supporters 
tly. From their respective viruses you may plant typhoid 
fever, scarlatina, or emall-pox, What is the crop that 
arises from this husbandry? As surely asa thistle rises 
from a thistle sood,as surely as the fig comes from the fig, 
the grape from the grape, the thorn from the thorn, so 
surely does the typhoid virus inerease and multiply 
into typhoid fever, the scarlatina virns into scarlatina,the 
small-pox virus into smallpox. What is the conclusion 
that suggests itself here? It is this: That the thing 
which we vaguely call a virus is to all intents and purposes 
s eeed + that, excluding the notion of vitality,in the whole 

of chemical science you cannot point to an action 
which illustrates this perfect parallelism with the pheno- 
mena of life—thix demonstrated power of self-multiplica~ 
tion and reproduction. The germ theory alone accounts 
for the phenomena. 

Tn cates of epidemic disease, it is not on bad air or 
foul drains that the attention of the physician of the foture 
will primarily be fixed, but upon disease germa, which no 
bad air or foul drains can create, but which may be pushed 
by foul air into virulent energy of reproduction. You 
may think T am treading on dangerous ground, that T am 
puttivg forth views that may interfere with salutary prac 
tice. Nosuch thing. If you wish to learn the impotence 
of medical practice in dealing with contagious diseases, 
you have only to refer tom recent Harveian oration by 

0 


present: 
ing an opinion as regarding the phenomena of magnetism 
or radiant heat. ‘The germ thoory of disease,’ it has been 
said, ‘appertains to the biologist and the physicisn. 
Granted. But where is the biologist or physician, whose 
researches, in connection with this subject, could for one 
instant be compared to those of the chemist Pasteur? Tt 
is not the philosophic members of the medical profession 
who are dull to the reception of truth not originated with- 
in the pale of the profession iteelf. I cannot better con- 
clude this portion of my story than by reading to you an 
extract from a letter addressed to me some time ago by 
Dr. Williara Budd, of Clifton, to whose insight and energy 
the town of Bristol owes so much sliryinnstinns om 
improvement. 
Au to the germ theary iteelé? writes Drs Buddy «that 
is a matter on which I have long since made up my mind, 
From the day when I first began to think of these subjects, 
Thad fever had a doubt that the specific cause of conta- 
gious fevers must be living organisms. 

‘It is impossible, in fact, to make any statement bear- 
ing upon the essence or distinctive characters of these 
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dust arising from the sorting of the type is vory destructive 
of health. I went some time ago inte a manufactory ib 
one of our large towns, where iron vessels are enumelled by 
coating them with a mineral powder,and subjecting them 
to & heat sufficient to fuse the powder. The orgunisation 
of the establishment was excellent, and one thing only was 
needed to make it faultless. Ina large room # number 
of women were engaged covering the vessels, The air 
was laden with the fino dust, and their faces appeared as 
white and bloodless as the powder with which they worked, 
By tho use of cotton-wool respirators these women might 
be caused to breathe air as free from suspended matter as 
that, of the open street. Over a year ago a Lancashire 
seedsman wrote to me, stating that during the seed 
season his men suffered horribly from irritation and fever, 
80 that many of them left his service. He asked for help, 
und I gave him my advice, At the conclusion of the sea~ 
son, this yoar, he wrote to inform me that he had folded 
a little cotton-wool in muslin, and tied it in front of the 
mouth ; and that with this simple defence he had passed 
through the season in comfort, and without a single com- 
plaint from his men. 

Against the use of such a respirator the obvious objec- 
tion arises, that it becomes wet and heated by the breath. 
While I was casting about fora remedy for this a friend for- 
warded to me from Newcastle a form of respirator invented 
by Mr. Carrick, a hotel-keeper at Glasgow, which, by'a 
slight modification, may be caused to meet the case 
perfectly. The respirator, with its back in purt removed, 
is shown in fig. 4. Under the partition of wire-gauze 
@ 7, is n space intended by Mr. Carrick for ‘medicated 
substances,’ and which may bo filled with cotton-wool 
The mouth ie placed against the aperture O, whiehi' fits 
closely round the lips, and the filtered air enters the 
mouth through a light valve V, which is lifted by the act 
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‘of inhalation. Daring exhalation this valve closes; the 
breath escapes by a second valve, v, into the open air. 
Fe. 4 





‘Thowool isthus kept dry and cool ; thonir in passingthrough 
it being filtered of everything it holds in euspension. 


Fireman's Respirator. 

‘We have thus been led by our first unpractical experi- 
ments into a thicket of practical considerations, But 
another step is possible. Admiring, as T do, the bravery 
of our firemen, and hearing that smoke was a more 
serious enemy than flame itself, I thought of devising a 
fireman's respirator. 

Oar fire-escapes are each in charge of a single man, 
and it would be of obvious importance to pluce it 
in the power of each of those men to penetrate through 
the donsest smoke, into the recesses of a house, and 
there to rescue those who would otherwise be suffocated 
or burnt. Cotton-wool, which so effectually arrested 
dust, was first tried; but, though found soothing in 
certain gentle kinds of smoke, it was no match for the 
pungent fumes of a resinous fire, which evolves a most 
abominable umoke, For the purpose of catching the 
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atmospheric germs, M. Pouchet spread a film of glycerine 
on a plate of glass, urged air against the film, and ex- 
amined the dust which stuck to it. The moistening of 
the cotton-wool with this substance wax a decided improves 
ment; still the respirator only enabled us to remain in 
dense smoke for thres or four minutes, after which the 
irritation became unenduruble. Reflection suggested 
that, in combustion so imperfect ax the production of 
dense smoke implies, there must be numerous hydro~ 
carbons produced, which, being in a state of vapour, would 
be very imperfectly arrested by the cotton-wool. ‘These, 
in all probability, were the cause of the residual ircitation; 
and if these could bs removed, a practically perfect res 
pirator might possibly be obtained. 

I state the reasoning exactly as it occurred to my mind. 
Its result will be anticipated by many present. All 
bodies possess the power of condensing, in a greater or 
less degree, gases and vapours upon their surfaces, and 
when the condensing body ix very porous, or in a fine state 
of division, the force of condensation may produce very 
remarkable effects. Thus, a clean piece of platinume-foil 
placed in a mixture of oxygen and hydrogen so squeezes 
the gases together as to cause them to combine; and if 
the experiment be made with care, the heat of combination 
may raise the platinum to bright. mdness. The prompt 
ness of this action is greatly augmented by reducing the 
platinum to a state of fine division, A pellet of ‘spongy 
platinum,’ for instance, plunged into o mixture of oxygen 
and hydrogen, causes the gases to oxplode instantly, In 
virtue of its extreme porosity, a similar power is possessed 
by charcoal. It is not strong enough to cause the oxygen 
and hydrogen to combine like the spongy platinum, but 
it so squeezes the more condensable vapours, and acta with 
such condensing power upon the oxygen of the air, as to 
bring both within the combining distance, thus enabling 
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‘the oxygen to attack and destroy the vapours in the pores 
ef the charcoal. In this way, effluvia of all kinds may be 
virtually burnt up; and this is tho principle of the exeel- 
lent charcoal respirators invented by Dr. Stenhouse, 
Armed with one of these, you may go into the foulest~ 
smelling places without having your nose offended. 
Bat, while powerful to arrest vapours, the charcoal res- 
Pirator is ineffectual as regards smoke. The smoke-parti- 
cles get freely through the respirator. With a number of 
such respirators, tested downstairs, from half a minute to 
®& minute was the limit of endurance. This might bo 
excooded by Farday's simple method of emptying the 
| lungs completely, and thon filling them before going into 
| aamoky atmosphere. In fact, each solid smoke particle 
is itself a bit of charcoal, and carries on it, and in it, its 
little load of irritating vapour. It ix this, far more than 
the particles of carbon themselves, that produces the irri- 
tation. Hence two causes of offence are to be removed: 
the carbon particles which convey the irritant by adhesion 
and condensation, and the free yapour which accompanies 
the particles. The moistened cotton-wool I knew would 
arrest: tho first ; fagmonts of charcoal I hoped would stop 
the second. [In the first, fireman’s respirator, Mr. Carrick’s 
armmgement. of two valves, the one for inhalation, the 
other for exhalation, are preserved. But the portion of it 
which holds the filtering and absorbent substances, is 
prolonged toa depth of four or five inches (see fig. 5). 
Under the partition of wire-gausze qr at the bottom of 
the space which fronts the mouth is placed a layer of 
eotton-wool, ©, moistened with glycerine; then a thin 
lnyor of dry wool, ¢; thon a layer of charcoal fragments ; 
and finally a second thin layer of dry cotton-wool. The 
succession of the lnyera may be changed without prejudice 
to the action. A wire-gauze cover, shown in plan below 
tig. 5, keeps the substances from falling out of the respi- 





rator, A layer of caustic lime bas been added for th 
absorption of carbonic acid; but in the densest amok 
Fa, 6, -_ 





ream ere 
that we have hitherto employed, it has not been found m 
comary, nor is it shown in the figure, Ina flaming buik 
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ing, indeed, the mixture of air with the smoke never 
“permits tho carbonic acid to become so dense as to be 
irrespirable; but in a place where the gas is present in 
undue quantity, the fragments of lime would materially 
mitigate its action, 
Tn a small cellar-like chamber with a stone flooring 
and stone walls, the first experiments were made. We 
‘there furnaces containing resinous pine-wood, 
<2 le en Dede: Bake 
too brisk a circulation of tho air, generated dense 
volumes of emoke. With our eyes protected by suitable 
glasses, my assistant and I have remainod for half an 
hour and more in smoke so dense and pungent that a 
single inhalation, through the undefended mouth, would 
be perfectly unendurable, We might have prolonged our 
stay for hours. Having thus far perfected the inatru- 
ment, I wrote to the chief officer of the Metropolitan Fire 
Brigade, asking him whothor such a respirator would be 
of use to him. His reply was prompt; it would bo most 
valuable, He had, howover, made himself acquainted 
with every contrivance of the kind in this and other 
countries, and had found none of them of any prictical 
use. He offered to come and test it here, or to place a 
room at my disposal in the City. At my request he 
came here, accompanied by three of his men. Our small 
room was filled with emoke to their entire satiefaction. 
The three men went succemively into it, and remained 
thore as Jong as Captain Shaw wished them. On coming 
out thoy said that they had not suffered the slightest in- 
convenience ; that they could have remained all day in 
the «moke. Captain Shaw then tested the rospirator 
with the same result, and he afterwards took great interest 
in the perfeeting of the instrument. 


‘Various ameliorations and improvements have recently 
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been introduced into the smoke respirator. The hood of 
Captain Shaw has been improved upon by the simple and 
lesx expensive mouthpivce of Mr. Sinclair ; and thin, in ite 
turn, has been simplified and improved by my assistant 
Mr. John Cottrell. The respirator is now in i 
demand, and it has already done good practical service. 
Care is, however, necessary in moistening the wool with 
glycerine. It must be carefully teazed, so that the indi~ 
vidual fibres may be moistened, and clots must: be avoided. 
I cannot recommend the layers of moistened flannel 
which, in some cases, have been used instead of cotton 
wool: nothing equals the wool, when carefully treated. 

‘An experiment made last year brought out very con- 
spicuously tho necessity of careful packing, and the enor- 
mous comparative power of resisting smoke irritation 
possessed by our firemen, and the able officer who com- 
mands them. Having heard from Captain Shaw that, in 
some recent very trying experiments, he had obtained the 
best cffects from dry cotton-wool, and thinking that 1 
could not have been mistaken in my firet reeulte, which 
proved the dry go much inferior to the moistened ool 
and ite associated charcoal, I proposed to Captain Shaw to 
bring the matter to a test at his workshops in the City. 
Ho was good enough to accept my proposal, und thither 
went on May 7, 1874, The smoke was generated in a 
confined space from wet straw, and it was certainly yery dia~ 
bolical. At this season of the year [am nsually comewbat 
ehorn of vigour, and therefore not in the best condition 
for severe experiments; still I wished to test the matter 
in my own person. With a respirator which had been, in 
use some days previously, and which was not. carefully 
packed, I followed a fireman into the smoke, he being 
provided with a dry-wool respirator, I was compelled to 
quit the place in about three minutes, while the fireman 
remained there for six or seven minutes, 
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F then tried his respirator upon myself, and found 
that with it feonld not remain more than a minute in 
the smoke; in fact the first inhalation provoked coughing. 
Thinking that Captain Shaw himselfmight have lungs 
‘moro like mine than those of his fireman, I proposed that 
we should try the respirators together; but he informed 
me that hie lungs were very strong. He was, however, 
good enough to accede to my request. Before entering 
the den a second time I repacked my respirator, with 
due care, and entered the emoke in company with Captain 
Shaw. Icould hear him breathe long slow inhalutions ; his 
labour was certainly greater than mine, and after the 
lapse of seven minutes I heard him cough. In meven and 
a half minutes he had to quit the place, thus proving that 
his lungs were able to endure the irritation seven times as 
long as mine could bear it. I continued in the emoke, 
with hardly any discomfort, for sixteen minutes, and ear 
tainly could have remained in it much longer. The 
advantage arising from the glycerine was thus placed 
beyond question. 

\ ‘During this time T was in a condition to render very 
material assistance to a person in danger of suffocation. 


Helmholtz on Hay Fever. 


‘fo my lecture on Dust and Disease in 1870, I referred 
toan experiment made by Helmholtz upon himself which 
strikingly connected hay fever with onimalcular life. 
About a year ago I received from Professor Bins of Bonn 
& short, but important paper, embracing Helmholta's 
aecount of his observation, to which Professor Binz has 
aided some remarke of hie own. The paper, being 
mainly intonded for English medical men, was publishod 
in English, and though here and there its style might be 
amended, I think it better to publish it unaltered here. 
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From what I have observed (mys Professor Binz) of re 
cent English publications on the subject of hay fever, I am 
lod to suppose that English authorities are inaccurately ac 
quainted with the discovery of Professor Helmholtz, aa far 
back as 1868, of the existence of uncommon low organisms 
in the nasal socretions in this complaint, and of the 
possibility of arresting their action by the Jocal employ= 
ment of quinine. I therefore purpose to republish the 
letter in which he originally announeed these facts to my- 
self, and to add some further observations on this topic. 
‘The letter is as follows: '— 

“L have suffered, as well as I can remember, since the 
year 1847, from the peculiar catarth called by the Engliah 
“ bay fever,” the speciality of which consists in its attmek= 
ing its victims regularly in the hay season (myself between 
May 20 and the end of June), that it ceases in the cooler 
weather, but on the other hand quickly resches a great 
intensity if the patients expose themselves to heat and 
sunshine. An extraordinarily violent eneeaing then sets 
in, and a atrongly corrosive thin discharge, with ‘which 
much epithelium is thrown off. This increases, after a 
few hours, to a painful inflammation of the mucous mem- 
brane and of the outside of the nose, and excites fever 
with severe headache and great depression, if the patient 
cannot withdraw himself from the heat and the sunshine. 
In a cool room, however, these symptoms vanish ns quickly 
as they come on, and there then only remains for a few 
dayz a lewened discharge and soreness, as if caused by 
the loss of epithelium. I remark, by the way, that in all 
my other years I had very little tendency to eatarrh or 
catching cold, while the hay fever hus never failed during 
the twenty-one years of which I have spoken, and has 
never attacked me earlier or later in the year than the’ 


* Cf, Virebow's * Archiv.’ vol, xlvi, p. 100, 
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times named. . The condition is extremely troublesome, 
and increases, if one is obliged to be mnch exposed to the 
sun, to an excessively severe malady, 

“The curious dependence of the disease on the season 
‘of the year suggested to me the thought that organisms 
might be tho origin of tho mischief. In examining the 
secretion I regularly found, in the lat five years, certain 
vibric-like bodies in it, which at other times I could not 
observe in my nasal secretion. . . . They are very small, 
and can only be recognised with the immerxion-lens of a 
yery good Hartnack’s microscope. It is characteristic of 
the common isolated single joints that they contain four 
suclei in a row, of which two pairs are more closely 
united, Tho length of the joints is 0-004 millimetre. 
Upon the warm objective-stage they move with moderate 
activity, partly in mere vibration, partly shooting back- 
wards and forwards in the direction of their long axis; in 
lower temperatures they are very inactive. Occasionally 
one finds them arranged in rows upon each other, or in 
branching series. Observed some days in the moist 
chamber, they vegetated again, and appeared somewhat 
larger and more conspicuous than immediately after their 
exeretion. It ie to be noticed that only that kind of 
secretion contains them which is expelled by violent 
meezings; that which drops slowly does not contain 
any. They stick tenaciously enough in the lower cavities 
and recesses of the nose. 

_ ‘When I saw your first notice respecting the poisonous 
action of quinine upon infusoria, I determined at once to 
make an experiment with that substance, thinking that 
these ribrionic bodies, even if they did not cause the 
whole illness, still could render it much more unpleasant 
through their movements and the decompositions caused 
by them. For that reason I made a neutral solution of 
ulphate of quinine, which did not contain much of the 
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mained for some hours; I could expose myself to the sun 
without fits of smeezing and the other dimgreeable aymp-_ 
tomscoming on. It was sufficient to repeat the treatment 
three times a day, even under the most unfavourable | 
cumstances, in order to keep myself quite free! ‘There 
‘were thon no such vibrios in the secretion, If only go 
out in the evening, it suffices to inject the quinine ones a 
day, just before going. After continuing this treatment 
for some days the symptoms disappear completely, but if — 
T leave off they return till towards the end of June, 

«My first experiments with quinine date from the 
summer of 1867; this year (1868) I began at once as soon 
as the first traces of the illness appoared, and I baye thus 
been able to stop its development completely. ww 

*Z have hesitated as yet in publishing the matter, be- 
cause T have fonnd no other patient? on whom T could try 
the experiment. There is, it seems to me, no doubt, con 
sidering the extraordinary regularity in the recurrence and 
course of the illness, that quinine had here @ moat quick 
and decided effect, And this again makes my hypothesis 
very probable, that the vibriog, even if being no specific 
form but a very frequent one, are at least the cause of the 
mapid increase of thesymptoms in warm air, as heat excites 
them to lively action.’ 

1 (Phere it no foundation for the objection that ayringing the nose 
Se All tk wom bs nome hah ncempesion Say Soren Ae petal 
a-ouly the eefln sffbt arising from the iritatlen of the aope—) 
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I should be very glad if the above lines would induce 
medical men in England—the haunt of hay fever—to test 
the observation of Helmholtz. To most patients the ap- 
plication with the pipette may be too difficult or impos 
sible; I have therefore already suggested the ue of 
Weber's very simple but effective nose-douche. Also it 
will be advisable to apply the solution of quinine tepid. 
It can, farther, not be repeated often enough that quinine 
is frequently adulterated, especially with cinchonia, the 
action of which is much less to be depended upon, 

Dr. Frickhéfer, of Schwalbach, hes communicated to 
me second case in which hay fever was cnred by local 
application of quinine. Professor Busch, of Bonn, autho- 
rises me to say that he succeeded in two cases of ‘catarrhus 
getivas’ by the same method: a third patient was obliged 
to abstain from the use of quinine, as it produced an un- 
bearable irritation of the sensible nerves of the nose. In 
the sutumn of 1872 Helmholtz told me that his fever was 
quite cured, and that in the meantime two other patients 
had, by his advice, tried this method, and with the same 
success. 


» Cf, Virehow’s ‘ Archiv,’ (1870), vol. li. p. 176. 
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VOYAGE TO ALGERIA TO OBSERVE THE ECLIPSE. 
1870, 


|HE opening of the Eclipse Expedition waa not pro- 
pitious. Portsmouth, on December 5, 1870, was 
swathed by a fog, which was intensified by smoke, and 
traversed by a drizzle of fine rain. At six rit. I was on 
board the ‘Urgent.’ On Tuesday morning the weather 
was too thick to permit of the ship’s being ewung and 
her compasses calibrated. The Admiral of the port, o 
man of very noble presence, came on board. Under 
his stimulus the energy which the weather had damped 
appeared to become more active, and soon after his de~ 
parture we steamed down to Spithead. Here the fog 
had so far lightened as to enable the officers to swing the 
ship. 

At three pat, on Tuesday, Decernber 6, we got away, 
gliding successively past Whitecliff Bay, Bombridge, 
Sandown, Shanklin, Ventnor, and St. Catherine's Light- 
house. On Wednesday morning we sighted the Isle of 
Ushant, on the French side of the Channel. The northern 
end of the island has been fretted by the waves into de~ 
tached towerlike musses of rock of very remarkable ap- 
pearance. In the Channel the sea was green, and opposite 
Ushant it was a brighter green. On Wednesday evening 
wo committed ourselves to the Bay of Biscay. The roll 
of the Atlantic was full, but not violent, Thore had been 
searcely a gleam of sunshine throughout the day, but the 
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elond-forms were fine, and thoir apparent rolidity impres- 
sive. On Thursday morning the green of the sea was 
displaced by a deep indigo blue. The whole of Thursday 
we steamed across the bay. We had little blne sky, but. 
the clonds were again grand and varied—cirrus, stratus, 
eumulus, and nimbus, we had them all. Dusky hair-like 
trails were somctimes dropped from the distant clouds 
to the sca. These were falling showors, and they some- 
Himes occupied the whole horizon, while we steamed 
merom the rainles circle which was thus surrounded. 
Sometimes we plunged into the rain, and once or 
twice, by slightly changing our course, avoided a heavy 
shower. From time to time perfect rainbows spanned 
the heavens from side to side, At times a bow would 
appear in fragments, showing the keystone of the arch 
midway in air, and its two buttresses on the horizon, 
Tn all casee the light of the bow could be quenched by 
a Nicol’s priam, with its long diagonal tangent to the 
are. Sometimes gleaming patches of the firmament were 
seen amid the clouds. When viewed in the proper direc- 
tion, the gleam could be quenched Jy a Nicol's prism, a 
dark aperture being thus opened into stellar space. 

At sunect on Thursday the denser clouds were ficreely 
fringed, while through the lighter ones seemed to issue 
the glow of a conflagration. On Friday morning we 
righted Cape Finisterre—the extreme end of the are which 
sweeps from Ushant round the Bay of Biscay, Calm spaces 
of bine, in which floated quietly scraps of cumuli, were 
behind ux, but in front of us was a horizon of portentous 
darkness, It continued thus threatening throughout the 
day. Towards evening the wind strengthened to a gale, 
and at dinner it was difficult to preserve the plates and 
dishes from destruction. Qur thinned company hinted 
that the rolling had other consequences, It was very wild 
when we wont to bed. I slumbered and slept but after 
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ing influence of sufficient ballast. She was for a time 
practically rudderless, and lay in the trough of the sea. I 
could see the long ridges, with some hundreds of feet 
between their crests, rolling upon the ship perfoctly 
| parallel to her sides. Ae they appronchod, they 80 grew 
“upon the eye as to render the expression ‘ mountains high” 
| intelligible. At all events, there was no mistaking their 


pealed to the eye, while the car was filled by the groaning: 
of the screw and the whistle and boom of the storm. 


Beene ‘T-shaped mnas of motal ompleyed for the futening of 


I went again to bed. After a space of calm,» 
seemed crossing the vortex of a storm, 

commoneced. I was afraid to allow myself to | 

as my berth was high, and to be pitched out, of 

be attended with bruises, if not with fractures, From 
Friday at noon to Saturday at noon we: 

six miles, or an average of lesa than three miles an hour, 
I overheard the sailors talking about this storm. The 
Urgent,’ according to those that knew her, bad never 
previously experienced anything like it! “ 
{There in, ft will be son, a nir agreement between theso impressions 


nd those so vigorously described by a scientific eormepandant 
“Times! ——, 
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~All through Saturday tho wind, though somewhat 
sobered, blew dead against us, The atmospheric effects 
‘were exceedingly fine. The cumuli resembled mountains 
dn shape, and their peaked summits shone as white as 
Alpine sows. At one place this resemblance was greatly 
by a vast area of cloud, uniformly-iuminated, 
‘atid Tying like a névé below the peaks. From it fell a 
‘kind of cloud-river strikingly like a glacier. The horizon 
atsunect was romarkable—spnces of brillinnt green between 
clouds of fiery red. Rainbows had been frequent through~ 
‘out the day, and at night « perfectly continuous lunar 
bow spanned the heavens from side to side. Its colours 
were feeble; but, contrasted with the black ground against 
which it rested, its luminousness was extraordinary. 

Sunday morning found us opposite to Lisbon, and at 
midnight we rounded Cape St. Vincent, where the lurch- 
ing seomed disposed to reeommence. Through the kind- 
‘ness of Lioutenant Walton, a cot had beon slung for me. 
Tt hung between a tiller-wheel and a flue, and at one Aa. 
Twas roused by the banging of the cot against its boun- 
daries. But tho wind was now behind us, and we went 
along at a speed of eleven knots. We felt certain of 
reaching Cadiz by three. But a new lighthouse came in 
sight, which some affirmed to be Cadiz Lighthouse, while 
the surrounding houses were declared to be Cadiz itself, 
Out of deference to these statements, the navigating 
Heatenant changed his course, and steered for the place, 
A pilot came on board, and he informed us that we were 
before the mouth of the Guadalquivir, and that the light~ 
house was that of Cipidna. Cadiz was still some eighteen 
miles distant. 

We steered towards the city, hoping to get into the 
harbour before dark. But the pilot was mapped up by 
snother yossel, and we did not get in. We beat about 
during the night, and in the morning found ourselves 





weighed anchor. ‘Thanks to the kindness of our excellent 
paymaster, I was here transferred to «roomier berths 

Cadiz soon sank beneath the sea, and we sighted in 
sneceesion Cape ‘Trafalgar, ‘Tarifit, and the revolving light 
of Ceuta. Tho water wns very calm, and the moon rose 
fn a quiet heaven. She swung with her convex surface 
downwards, the common boundary between light ani 
shadow being almost horizontal. A pillar of reflected 
light shimmered up to us from the slightly rippled sea. 
Thad previously noticed the phosphorescence of the water, 
but to-night it was stronger than usual, especially among 
the foam at the bows, A bucket let down into the sex 
brought up a number of the little organisms 
which caused the phosphorescence. T caught some of them 
in my hand. And here an appearance was observed which 
was new to most of us, and strikingly beantifal to all, 
Standing at the bow and looking forwards, at a’ distance 
of forty or fifty yards from the ship, a number of luminous 
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streamers were soen rushing towards us. On nearing the 

| -vewel they rapidly turned, like » comet round its pori- 
‘holion, placed themselves side by sido, and, in parnllel 
trails of light, kept up with the ship. One of them placed 
iteelfright in front of the bow asa pioneer. These comets 
of the sea were joined at intervals hy others. Sometimes 
asmanyas six at a time would rush at us, bend with extra 
ordinary rapidity round a sharp curve, and afterwarda 
keep us company. I leaned over the bow, and scanned 
the streamers closely, The frontal portion of each of 
them revealed the outline of a porpoise, The rush of 
the creatures through the water had started the phospho- 
Tescence, every spark of which was converted by the 
‘motion of the retina into a line of light. Ench porpoise 
was thus wrapped in a luminous sheath. ‘The phospho- 
rescence did not cease at the creature's tail, but was 
carried many porpoise-lengths behind it. 

To our right we had the African hills, illuminated by 
the moon. Gibraltar Rock at length became visible, but 
tho town remained long hidden by.a belt of haze. Through 
this at length the brighter lamps struggled. It was like 
the gradual resolution of a nebula into stars, As the in- 
tervening depth became gradually Jess, the mist vanished 
more and more, and finally all the lamps shone through 
it. They formed a bright foil to the sombre mass of rock 
above them. The sea was so calm and the scene so lovely 
that Mr. Huggins and myself stayed on deck till the ship 
wus moored, near midnight. During our walking to and 
fro a striking enlargement of the disk of Jupiter was ob- 
served, whenever the heated air of the funnel camo be~ 
tween us and the planet. On passing away from the 
heated air, the flat dim disk would immodiately shrink toa 
luminous point. The effect was one of visual persistance. 
The retinal image of the planet was set quivering in 
all azimuths by the streams of heated air, describing in 





quick succeesion minute lines of light, which summed 


themselves to a disk of sensible arca. en 

At six o'clock next morning, the gun at the Signal 
Station on the summit of the rock, boomed. At eight the 
band on board the ‘Trafalgar’ training-ship, which was 
in the harbour, struck up the national anthem; and im= 
mediately afterwards a crowd of mite like cadeta swarmed 
up the rigging. After the removal of the apparatus 
belonging to the Gibraltar party we went om shore 
Winter was in England when we left, but here we had the 
warmth ofsammer. The vegetation was 
tree, cactuses, and aloes, all ablaze with scarlet flowers, 
A yisit to the Governor was proposed, aa an act of necessary 
courtesy, and I accompanied Admiral Ommaney and Mr. 
Huggins to ‘the Convent,’ or Government House. We 
sent in our cards, waited fora time, and were then con- 
ducted by an orderly to his Excellency. He is a fine old 
man, over six feet high, and of frank military bearing. 
He received us and conversed with us in a very genial 
manner, He took us to sco his garden, hie palms, his 
shadod promenades, and his orange-trees loaded with fruit, 
in all of which he took manifest delight. Evidently *the 
hero of Kars’ had fallen upon quarters after his own 
heart. He appeared full of good nature, and engaged us 
on the spot to dine with him that day. 

We sought the town-major for o pass to visit the lines. 
While awaiting hia arrival 1 purchased a stock of white 
fines bottles, with a view to experiments on the colour of 
the sea, Mr. Huggins and myself, who wished to see the 
rock, were taken by Captain Salmond to the library, where 
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ms everything that we desired to see, and to hide nothing 
from us. We took the ‘upper lino,” traversed the galleries 
hewn through the limestone; looked through the embra- 
sures, which opened like doors in the precipice, towards 
the hills of Spain; reached St. George's Hall, and went 
‘sill higher, emerging on the summit of one of the noblest 
‘¢liffs I have ever seen. 

Beyond were the Spanieh lines, marked by a line of 
white sentry-boxes; nearer were the English lines, less 
conspicuously indicated ; and between both was noutral 
ground. Behind the Spanish lines rose the conical hill 
called the Queen of Spain's Chair. ‘The general aspect. of 
Spain from the rock is bold and rugged. Doubling back 
from the galleries, we struck upwards towards the crest, 
reached the Signal Station, where we indulged in ‘ shandy- 
gait” and bread and cheese, Thenes to O'Hara's Tower, 
the highest point of the rock. It was built by former 
Governor, who, forgetful of the laws of terrestrial ourva- 
ture, thought he might look from the tower into the port 
of Cadiz. The tower is riven, and it may be climbed along 
the edges of the crack. We got to the top of it; thener 
descended the curious Mediterrancan Stnir—a zigeag, 
mostly of steps down a stecply falling slope, amid palmetto 
brush, aloes, and prickly pear. 

Passing over the Windmill Hill, we were joined at the 
‘Governor's Cottage’ by a car, and drove afterwards to 
the lighthouse at Europa Point. The tower waa built, [ 
believe, by Queen Adelaide, and it contains a fine dioptric 
apparatus of the first order, constructed by Messrs. Chance, 
of Birmingham. At the appointed hour we were at the 
Convent. During dinner the same genial traits which 
appeared in the morning were still more conspicuous, 
‘The freshness of tho Governor's nature showed itself best 
when he spoke of his old antagonist in arms, Mouravieff, 


Chivalry in war is consistent with its stern prosecution. 
tt 


On the morning of tho 16th we sighted the fort: and 
lighthouse of Marsa el Kibir, and beyond them the white 
walls of Oran lying in the bight of a bag, sheltered by 
dominant hills, The sun was shining brightly; during 
our whole voyage we had not had so fine a day, The 
wisdom which had led us to choose Oran as our place of 
observation seemed demonstrated. A rather excitable 
pilot came on board, and he guided us in behind the Mole, 
which had suffered much damage last year from an unex- 
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outburst of waves from the Mediterranean. Both 
snd bow anchors wore cast in deep water. With 
huge hawecrs the ship's stern was made fast to three 
fixed in the Mole; and here for a time the 
gent’ rested from her labours. 
M. Janssen, who had rendered his name celebrated by 
his observations of the eclipse in Indin in 1868, when he 
‘showed the solar flames to be eruptions of incandescent 
hydrogen, was already encamped in the open country 
‘about eight miles from Oran. On December 2 he bad 
quitted Paris in a balloon, with a strong young cailor 
‘as bis assistant, had descended near the mouth of the 
Loire, sen M. Gambetta, and received from him en- 
‘couragement and aid. On the day of our arrival hie en- 
campmont was visited by Mr. Huggins, and the kind and 
courteous Engineer of the Port drove me subsequently, in 
his own phacton, to the place. It bore the best repute ax 
regards freedom from haze and fog, and commanded an 
outlook ; but it was inconvenient for us om account 
of its distance from the ship. The place next in repute was 
the railway station, between two and three miles distant 
from the Mole. It wns inspected, but, being enclosed, 
‘waa abandoned for an eminence in an adjacent gardon, the 
property of Mr. Hinshelwood, a Scotehman who had 
settled some years provioualy av an Esparto merchant 
in Omn.t He, in the most liberal manner, placed his 
ground at the disposition of the party. Here the tents 
were pitched, on the Saturday, by Captain Salmond and 
his intelligent corps of smppers,; the instruments being 
erected on the Monday under cover of the tents, 
Clove to the railway station runs a new loopholed wall 
of defonce, through which tho highway passes into tho 
open country, Standing on the highway, aud looking 


+ Bepasta is a kind of grass now much used in the maaufbrtute of paper, 
























On Tuesday, the 20th, I was early at the bastionet. 
Tho night bad been very squally. The sergeant of 
sappers took charge of our key, and on Tuesday 


Elliot went for it. He brought back the intelligence 
i te elie a 
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visible, were to be made with an unsilvered dingonsl eye- 
piece, which reflected but a «mall fraction of the sun's 
light, this fraction being still further toned down by « 
dark glass. At the moment of totality the dark glass 
was to be removed, and a silver reflector pushed in, so as 
to get the maximum of light from the corona and pro- 
mingnces. The time of totality was distributed as fol- 
lows: 

1. Observe mpprouch of shadow through the airs totabity. 

2, Telescope 6. 0 


+» 80 ereonds, 
3. Finder. = 80 eeonds, 
4 Double image priem, = 15 svconde. 
B.Nakedoys. = 10 excouds, 
6, Finder or binorular . 20 neconda, 
i 20 seconds. 


8. Observe rotreat of shadow, 

In our rehearsals Elliot stood beside me, watch in 
hand, and furnished with a lantern. Ho called out at the 
end of each interval, while I moved from telescope to 
finder, from finder to polariseope, from polariseopa to 
naked eye, from naked eye back to finder, from finder to 
telescope, abandoning the instrument finally to observe 
the retreating shadow. All this we went over twenty 
times, while looking at the actual sun, and keeping him 
in the middle of the field. It was my object to render 
the repetition of the lesson <0 mechanical as to leave no 
room for flurry, forgetfulness, or excitement. Volition 
was not to be called upon, nor judgment. exercised, buta 
woll-beaten path of routine waa to be followed. Had the 
‘opportunity occurred, I think the programme would have 
been strictly carried out. 

But the opportunity did not occur. For several days 
the weather had been ill-natured. We had wind so strong 
ns to render the hawsers at the stern of the ‘Urgent as 
rigid as iron, and to destroy tha navigating lieutenant’s 
tleep. We had clouds, a thunder-storm, and some rain. 


LE 





The clouds and blue spaces fought for a time with 
varying success. The sun was hidden and revealed at in- 
tervals, hope oscillating in synchronism with the changes 
ofthe sky. At the moment of first contact a dense cloud 
intervened; but a minute or two afterwards the cloud 
had passed, and the encroachment of the black body of 
the moon was evident upon the solar disk, The moon 


Subscquently I caught sight of the lunar limb ns it eut 
ee The spot was not to 

ed from the moon, but rose like a mountain 
Oe ‘The clouds, when thin, could be seen as grey 
soud drifting across the black surfuce of the moon; but 
they thickened more and more, and made the intervals of 
clearness scanticr. During these moments I watched with 
an interest bordering upon fascination the march of the 
tilvor sickle of the sun across tho fiold of the telescope. 
‘It was so sharp and so beautiful. No trace of the lunar 
limb could be observed beyond the sun's boundary. Here, 
indeed, it could only be relieved by the corona, which 
was utterly cut off by the dark glase. The blackness of 


i 





was the only illuminated spet within view. But to the 
north-west thero was still a space of blue which might 
reach usin time. Within seven minutes of totality an- 
other space towards the zenith became very dark. The 
alinosphere was, as it were, on the brink of a preci- 
pice; it was charged with humidity, which required but 
a slight chill to bring it down in clouds. This was fur- 


moment of totality approached, the descent towards 
darkness was as obvious as a falling stone. I looked 
towards a distant ridge. where the darkness would first 
appear. At the moment a fan of beams, issning from the 
hidden sun, was spread out over the southern heavens. 
‘These beams are bare of alternate light and shade, pro~ 
duced in illuminated haze by the shadows of floating 
cloudlets of varying density. The beams are practically 
parallel, but by an effect of perspective they appear diver- 
gent, haying the sun, in fact, for their point of converg~ 
ence, The darkness took possession of the ridge referred 
to, lowered upon M. Janssen’s observatory, passed over the 
vouthorn heavens, blotting out the beams as if a sponge 
had been drawn acroas them. It then took possession of 
three spaces of blue sky in the south-eastern atmosphere, 


x2 
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T again looked towards the ridge. A glimmer as of day- 
dawn was behind it, and immediately afterwards the fan 
of beams, which had been for more than two minutes 
absent, revived. The eclipse of L870 had onded, and, ag 
far as the corona was concerned, we bad been defeated. 

Even in the heart of the eclipse the darkness was by 
no means perfect. Small print could be read. Tn fact, 
the clouds which rendered the day a dark one, by scat- 
tering light into the shadow, rendered the darkness less 
intense than it would have been bad the atmosphere been 
without cloud. In the more open spaces I sought for 
stars, but could find none. There was a lull in tho wind 
before and after totality, but during the totality the 
wind was strong. I waited forsome time on the bastionet, 
hoping to get a glimpse of the moon on the opposite 
border of the sun, but in vain. The clouds continued, 
and some rain fell. The day brightened somewhat after- 
wards, and, having packed all up, in the sober twilight 
Mr. Crookes and myself climbed the heights above the 
fort of Vera Cruz, From this eminence we had a very 
noble view over the Moditerranean and the flanking 
African hills. The sunset was remarkable, and the whole 
outlook exceedingly fine. 

‘The able and well-instructed medical officer of the 
“Urgent; Mr. Goodman, observed the following tempera- 
tures during the progress of the eclipse: 


Your Dee. Mowe Dee. 
145 5. 60 1248. OL 
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The minimum temperature occurred some minutes after 
totality, when a slight rain fell. 


‘The wind was so strong on the 23rd that Captain 
Henderson would not venture out. Guided by Mr. 





‘myself drove to the fort of Mars el Kibir. The forti- 
fication is of ancient origin, the Moorish arches being still 
there im decay, but the fort is now very strong. About 
four or five hundred fine-looking dragoons were Jooking 
after their horses, waiting for a lull to enable them to 
embark for France. One of their officers was wander= 
ing in a very solitary fashion over the fort. We had 
some conversation with him. He had been at Sedan, 
had been taken privoner, but had effected his excape. He 
shook hie head when we spoke of the termination of the 
war, and predicted its long continuance. There was 
bitterness in his tope as he spoke of the charges of treason 


horses of Oran well merit a passing word. ‘Their speed 
and endurance, which are both heavily drawn upon by 
their drivers, are extmordinary. 

"The wind sinking, we lifted anchor on the 24th, For 
tome hours we wont pleasantly along; but during the 
afternoon the storm revived, and it blow heavily against 
us all the night. When we came opposite the Bay of 
Almeria, on the 25th, the captain turned the ship, and 
steered into the bay, where, under the shadow of the 
Sierra Nevada, we passed Christmas night in peace. Next 
‘morning ‘a rose of dawn’ rested on the sows of the ad- 
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jacent mountains, while a purple haze was spread over the 


lower hills, T had no notion that Spain possessed so fine 
a range of mountains as the Sierra Nevada, The height 
is considerable, but the form also is such as to get the 
maximum of grandeur out of the height. We weighed 
anchor at cight a.m, passing for a time through shoal 
‘water, the bottorn having been evidently stirred up. The 
adjacent land eecmed eroded in a remarkable manner, 
Tt has its floods, which excavate these valleys and ravines, 
and leave those singular ridges behind. ‘Towards evening 
T climbed the mainmast, and, standing on the eross-trees, 
sw the sun set amid a blaze of fiery clouds. The wind 
was strong and bitterly cold, and I was glad to slide to 
the deck along a rope, which stretched from the mast-head 
to the ship’s side. That night we cast anchor beside the 
Mole of Gibraltar, 

On the morning of the 27th, in company with two 
friends, I drove to the Spanish lines, with the view of seeing 
the rock from that side. It is an exceedingly noble mass, 
The Peninsular and Oriental mail-bout had been sig- 
nalled and hadcome. Heavy duties called me homeward, 
and by transferring myself from the ‘ Urgent’ to the mail- 
steamer I should gnin three day. I hired a boat, rowed 
to the steamer, learned that she was to start at one, and 
returned with all speed to the * Urgent.’ Making known 
to Captain Henderson my wish to get away, he expressed 
doubts as to the possibility of reaching the mail-steamer 
in time, With his accustomed kindness, he, however, 
placed a boat at my disposal. Four hardy fellows and one 
of the ship's officers jumped into it; my luggage, hastily 
thrown together, was tumbled in afterwards, and we ware 
immediately on our way. We bad nearly four miles to 
row in about twenty minates; but we hoped the mail- 
boat might not be punctual. For a time we watched her 
anxioualy; there was no motion; we came nearer, but the 
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Bags were not yet bauled im. The men pet forth all 
their strength, animated by the exhortations of the officer 
at the helm, The roughness of the sea rendered their 
efforts to some extent nugatory: still we were rapidly ap- 
proaching the steamer. At length she moved, punctus} 
almost to the minute, at first clowly, but soon with quick=— 
ened pace. We turned to the beft, so as to cut across ber 
bows Five minutes’ pull would have brought us up to. 
her. ‘The offiecr waved hie exp and I my hat. ‘Hf they) 
could only sco us, thoy might back to us ina moment.’ 
Bat they did not see us, or if they did, they paid no at 
tention tous I returned to the * Urgent,’ diseomfited, 
but grateful to the fine fellows who bad wrought eo hard 
to earry out my wishes. 

Glad of the quict, in the sober afternoon I touk a walk 
towards Europa Point, The sky darkened and heary 
squalls passed at intervals, Private theatricals were at 
the Convent, and the kind und courteous Governor had 
sent cards to tho eclipse party. I failed in my duty in 
not going. St. Michael's Cave is said to rival, if it does 
not ontrival, the Mammoth Cave of Kentucky. On the 
28th Messrs, Crookes, Carpenter, and myself, guided bya 
military policeman who understood his work, explored the 
cavern. The mouth is about 1,100 feet above the sea. 
We sigeagged up to it, and first were led into an aperture 
in the rock, at some height avove the true entrance of the 
cave. In this upper cavern we eaw come tall and beauti- 
ful stalactite pillars. 

The water drips from the roof charged with bicar- 
bonate of lime. Exposed to the air, the carbonic acid 
partially escapes, and the simple carbonate of lime, whieh 
is hardly at all soluble in water, depesits itself as a solid, 
forming stalactites and stalagmites, Even the exposure 
of chalk or limestone water to the open sir partially 
softens it, A specimen of the Redbourne waccr exposed, 





by Messrs. Graham, Miller, and Hofmann, in « shallow 
basin, fell from eighteen degrees to nine degrees of hard- 
nest. The softening process of Clark is virtually a has- 
tening of the natural process. Hore, however, instead of 
being permitted to evaporate, half the carbonic seid is 
appropriated by lime, the half thus taken up, as well as 
the remaining half, being precipitated. The solid pre= 
cipitate is permitted to sink, and the clear supernatant 
liquid is limpid soft water. 

We returned to the real mouth of St. Michael's Cave, 
which is entered by a wicket. The floor was somewhat 
muddy, and tho roof and walls were wot. We were 
soon in the midst of a natural temple, where tall columns 
spring complete from floor to roof, while incipient columns 
were growing to meet each other, upwards and downwards. 
The water which trickles from the stalactite, after haying 
in part yielded up its carbonate of lime, falls upon the 
floor vortically underneath, and there builds the stalag- 
mite. Consequently, the pillars grow from above and 
bolow simultancously, along the same vertical: It is easy 
to distinguish the stalagmitic from the stalactitie portion 
of the pillars, The former ix always divided into short 
segments by protuberant rings, as if deposited periodi- 
cally, while the latter presents a uniform surface, In 
some cases the points of inverted cones of stalactite rested 
on the centres of pillars of stalagmite. The process of 
solidification and the architecture were alike beautiful. 

We followed our guide through various branches and 
arms of the cave, climbed and descended steps, halted at 
the edges of dark shafts and apertures, and squeezed ours 
selves through marrow passages. From time to time we 
hulted, while Mr. Crookes illuminated with ignited mage 
nesiom wire, the roof, columns, dependent spears, and 
graceful drapery of the stalactites. Once, coming to a 
magnificent cluster of iciele-like spears, we helped our~ 


Mae 





selves to specimens. There was some difficulty in detach- 
ing the more delicate oncs, their fragility was so great. 
A consciousness of vandalism, which smote me at the 
time, haunts me still; for, though our requisitions were 
moderate, this beauty ought not to be at all invaded. 
Pendent from the roof, in their natural habitat, nothing 
ean exceed their delicate beauty ; they dive aw it were, 
surrounded by organic connections. In London they are 
curious, but not beautiful. Of gathered shells Emerson 
writes = 

pha pice et 

my sea-born treamures hore: 
Tinh )oa pees ocelot ete 
Had Ioft their beauty on the hore, 
‘With the sun, und the sand, and the wild uproa 


The promontory of Gibraltar is so burrowed with 
caverns that it has been called the Hill of Caves, They 
are apparently related to the geologic disturbances which 
the rock has undergone. The earliest of these is the 
tilting of the once, horizontal strata. Suppose a force 
of torxian to act upon the promontory at its southern ex- 
tremity near Europa Point,‘and suppose the rock to be 
of a partially yielding character; sach a foree would twist 
the strata into screw-surfaces, the greatest’ amount of 
twisting being endured near the point of application of 
the force, Such a twisting the rock appears to bave 
suffered ; but instead of the twist fading gradually and 
uniformly off, in passing from south to north, the want 
of uniformity in the material has produced lines of dia 
location where there are abrupt changes in the amount 
of twist, Thus, at the northern end of the rock the dip 
to the west is nineteon degrees; in the Middle Hill it ix 
thirty-eight degrees; in the centre of the South Hill, or 
Sugar Loaf, it is fifty-seven degrees. At the southern 
extromity of the Sugar Lonf tho strata are vertical, while 
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farther to the south they actually turn over and dip to 
the east. 

Tho rock is thus divided into three sections, soparated 
from each other by places of dislocation, whero tho strata, 
are much wrencbed and broken, These are called the 
Northern and Southern Quebrada, from the Spanish 
*Tiorra Quebrada, or broken ground. It is at these 
places that the inland caves of Gibraltar are almost 
exclusively found. Based on the observations of Dr. 
Falconer and himself, an excellent and most interesting 
account of these caves, and of the human remains and works 
of art which they contain, was communicated by Mr. Buak 
to the meeting of the Congress of Prehistoric Archwology 
at Norwich, and afterwards printed in the * Transactions’ 
of the Congress. Long subsequently to the operation of 
the twisting force just referred to, the promontory under= 
went various changes of level. ‘There are sea-terraces and 
layers of shell-breecia along ita flanks, and nomerous caves 
which, unlike the inland ones, are the product of marine 
erosion. ‘Uhe Ape’s Hill, on the African side of the strait, 
Mr. Busk informs me haz undergone similar disturbanees.? 


In the harbour of Gibraltar, on the morning of our 
departnee, I resumed a series of observations on the 
colour of the sea. On the way out a number of specimens 
Lad been collected, with a view to subsequent exami- 
nation, But the bottles were claret bottles, of doubtful 
purity. At Gibraltar, therefore, 1 purchased fifteen white 
fluss bottles, with ground glass stoppers, and at Cadiz, 
‘thanks to the friendly guidance of Mr. Cameron, I se~ 

4 Tn this easay Mr. Honk rofere to the provicus labours of Mr. Smith, 
aia to whom we owo most of oar knowledge of the geology of 

* No one can rise from the porusel of Mr, Buak’s paper without a 
of admiration for tho principal discoverer and indefatigable ax 
‘Plorer of the Gitwaltar caves, the Inte Captain Frederick Brome. 
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cared a dozen more. These seven-and-twenty je 
were filled with water, taken at different places betweea 
‘Orn and Spithead. > 

And here let me express my warmest acknowledgments 
to Captain Henderson, the commander of H.MLS, * Urgent," 
who aided mo in my observations in every possible way. 
Indeed, my thanks are due to all the officers for their 
unfailing courtesy and help. The captain placed at my 
disposal his own coxswain, an intelligent follow named 
‘Thorogood, who skilfully attached a cord to each bottle, 
weighted it with lead, cast it into the sea, and, after 
three successive rinsings, filled it under my own eyes. 
The contact of jugs, buckets, or other vessels was thus 
avoided ; and even the necessity of pouring out the water, 
afterwards, through the dirty London sir. 

‘The mode of examination applied to these bottles bas 
been already described.!’ The liquid ia illuminated by a 
powerfully condensed beam, its condition being revealed 
through the light scattered by its suspended 
“Care is taken to defend the eye from the access of all other 
light, and, thus defended, it becomes an organ of inconeeiy= 
abledelicacy.”” Were water of uniform density perfectly free 
from suspended matter, it would, in my opinion, scatter 
no light at all, The track of a luminous beam could not be 
seen in such water, But ‘an amount of impurity so infinite- 
simal as to be scarcely expressible in numbers, and the 
individual particles of which nre so small as wholly to 
elude the microscope, may, when examined by the method 
alluded to, produce not only sensible, but striking, effects 
upon the eye,’ 

‘The results of the examination of nineteen bottles 
filled at various places between Gibraltar and Spithead, 
sre here tabulated : 


* On Dust and Diseawo, pp. 156, 167, 
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Here we have threo specimens af water, deseribed as 
green, 4 clearer green, and bright green, taken im Gibraltar 
Harbour, at a point two miles from the harbour, and off 
Cabreta Point. The home examination showed the first 
to be thick with suspended matter, the second less thick, 
and tho third still less thick. Thus the green brightened 
as the euspended matter diminished in amount. 

Previous to the fourth observation our ¢xcellent navi- 
gating lieutenant, Mr, Brown, steered along the coast, 
thos avoiding the adverse current which sete in, through 
the Strait, from the Atlantic to the Mediterranean. He 
was at length forced to cross the boundary of the At- 
lantie current, which was defined with extrsordinary 
sharpness. On the one side of it the water was a vivid 
green, on the other a deop blue. Standing at the bow 
of the ship, a bottle could be filled with blue water, 
while at the same moment a bottle cast from the stern 
could be filled with green water. Two bottles were so- 
cured, one om each side of this remarkable boundary, 
Tn the distance the Atlantic had the hue called ultra- 
marine; but looked fairly down upon, it was of almost 
inky blacknoss—black qualified by a truce of indigo. 
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What change docs the home examination here reveal ? 
In passing to indigo, the water becomes suddenly aug- 
mented im purity, the suspended matter becoming end- 
donly lesa, Off Tarifa, the doop indigo disappears, and the 
sea is undecided in colour, Avcompanying this change, 
we have a riso in the quantity of suspended matter. 
Beyond Tarifa, we change to cobalt-blue, the suspended 
matter falling at the same time in quantity, This water 
is distinctly purer than the green. We approach Cadiz, 
and at twelve miles from the city get into yellow-green 
water; thia the London examination shows to be thick 
with suspended matter. ‘The same is true of Cadiz harbour, 
and also of a point fourteen miles from Cadiz in the home- 
ward direction. Here there is a sudden change from 
yellow-green toa bright emerald-green, and accompanying: 
the change a sudden fall in the quantity of suspended 
matter. Between Cape St, Mary and Cape St. Vincent 
the water changes to the deepest indigo, a further dimi- 
nution of the suspended matter being the concomitant 
phenomenon. 

We now reach the remarkable group of rocks called 
the Burlings, and find the water between the shore and 
therocks a strong green ; the home examination shows it 
to be thick with fine matter. Fifteen or twenty miles 
beyond the Burlings we come again into indigo water, 
from which the suspended matter haa in great part dis- 
appeared. Off Cape Finisterre, about the place where 
the ‘Captain’ went down, the water becomes green, and 
the home examination pronounces it to be thicker. Then 
we onter the Bay of Biscay, where the indigo resumes its 
power, and where the home examination shows the greatly 
augmented purity of the water. A second specimen of 
water, taken from the Bay of Biscay, held in suspension 
fine particles of a peculiar kind; the size of them was 
such as to render the water richly iridescent. It showed 


—_ 





VOYAGE TO ALGERIA, 213 


itself green, blue, or salmon-coloured, according to the 
direction of the line of vision, Finally, we come to our 
last two bottles, the one taken opposite St. Catherine's 
lighthouse, in the Isle of Wight, the other at Spithead. 
The sea nt both these places was green, and both speci- 
mens, a8 right be expected, were pronounced by the home 
examination to be thick with suspended matter. 

‘Two distinct series of observations are here referred to 
—the one consisting of dircet observations of the colour 
of the sea, conducted during the voyage from Gibraltar to 
Portsmouth ; the other carried out in the laboratory of the 
Royal Institution. And here it is to be noted that in the 
home examination I never know whnt water was placed in 
my hands. The Inbels, with the names of the localities 
written upon them, bad been tied up, all information 
regarding the source of the water being thus held back. 
The bottles were simply numbered, and not till all of 
them had been examined, and described, were the labels 
opened, and the locality and sea-colour corresponding to the 
various specimens ascertained. The home observations, 
therefore, must havo been perfectly unbiassed, and they 
clearly establish the association of the green colour with 
fine suspended matter, and of the ultramarine colour, and 
more especially of the back-indigo hue of the Atlantic, 
with the comparative absence of such matter. 

So much for mere observation ; but what is the cause of 
the dark hue of the deep ocean ?* A preliminary remark 
or two will cloar our way townrds on explanation. Colour 
resides in white light, appearing genorally when any consti- 


‘A note, written to mo on October 22, by my friend Canon Kingsley, 
contsize tho following reforvnes to thie point: 'I have never weea the 
‘Lake of Genora, but [ thought of the brilliant dirsling dark blue of the 
mid-Aulantic under tho sunlight, and ite back-biue uadar clood, toth #0 
solid that one might leap off the sponson on to it without fesr; this was to 
me the moat wonderful thing which Taw on my voyage to and from the 
‘Weat estos.’ 
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tuent of the white light is withdrawn, The hue of a purple 
liquid, for example, is immediately accounted for by its ao 
tion onaspectrum. Tt cuts ont the yellow and green, and 
allows the red and blue to pass through. ‘The blending of 
these two colours produces the purple, But while such a 
liquid attacks with specinl energy the yellow and groen, it 
enfeebles the whole spoctrum. By incroasing the thick- 
ness of the stratum we may absorb the whole of the light. 
The colour of a blue liquid is similarly accounted for. TE 
first extinguishes the red; then, as the thickness ange 
ments, it attacks the orange, yellow, and green in sue- 
cession; the bluo alone finally remaining. But even it 
might be extinguished by a sufficient depth of liquid. 
And now we are prepared for a brief, but tolorably 
completa, statement of that action of sea-water upon 
light, to which it owes its darknexs. ‘Tho spectrim em- 
braces three classes of rays—the thermal, the visual, and 
the chemical, These divisions overlap each other ; the 
thermal rays are in part visual, the visual rays in part 
chemical, and vice veraé, The vast body of thermal rays 
lie beyond the red, being invisible. Thess rays are attacked 
with exceeding energy by water. They are absorbed 
close to the surface of the sea, and are the great agents in 
evaporation. At the same time the whole spectrum suffers 
enfreblement.; water attacks all its mys, but with different: 
degrees of energy. Of the visual rays, the red are first 
extinguished. As the solar beam plunges deeper into 
the sea, orange follows red, yellow follows orange, green 
follows yellow, and the various shades of blue, where the 
water is deep enough, follow green. Absolute extinction 
of the solar bear would be the consequence if the water 
were deep and uniform. If it contained no suspended 
matter, such water would be as black as ink. A re- 
flected glimmer of ordinary light would reach us from 


ey 
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its surface, os it would from the surface of actual ink; 
but no light, hence no colour, would reach ua from the 
‘body of the water. 

In very clear and deep sea-water this condition ia 
approximately fulfilled, and hence the extraordinary dark- 
ness of such water, The indigo, already reforred to, 
is, I believe, to be ascribed in part to the suspended 
matter, which is never absent, even in the purest: natural 
water; and in part to the slight reflection of the light 
from the limiting surfaces of strata of different densi- 
ties. A modicum of light is thns thrown back to the 
eye, before the depth necessary to absolute extinction 
has boon attained. An effect precisely similar occurs 
under the moraines of glaciers. The ice here is ex- 
ceptionally compact, and, owing to the absence of the 
internal scattering common in bubbled ice, the light 
plunges into the mass, where it is extinguished, the per= 
fectly clear ice presenting an appearance of pitehy black- 
ness.! 

The green colour of the sea has now to be accounted 
for; and here, again, let, us fall back upon the sure 
besis of exporiment. A strong white dinner-plate had 
a lead woight securely fastened to it. Fifty or sixty yards 
of strong hempen line were attached to the plate, My 
assistant, Thorogood, occupied a boat, fastened as usual to 
the dayits of the * Urgent,’ while I occupied a second boat 
nearer the stern of the ship. He cast the plate as a 
mariner heaves the lead, and by the time it had reached 
me it bad sunk a considerable depth in the water. In 
all cases the hue of this plate was green; even when the 
sea was of the darkest, indigo, the green waa vivid and 
pronounced. I could notice the gradual deepening of the 


‘I lear from ® correspondent that certain Welsh tarna, which are 
repeted bottomless, have this inky hue, 





colour as the plate sank, but at its greatest depth, even in 
indigo water, the colour was still a bluc-groon.! 

Other observations confirmed this one. ‘The *Urgent’ 
iz 4 screw steamer, and right over the blades of the screw 
was an orifice called the screw-well, through whieh one 
could look from the poop down upon the screw. The 
surface-glimmer, which so pesters the eye, was here ima 
great measure removed. Midway down, a plank crossed 
the screw-well from side to side; on this I placed my- 
sclf and observed the action of the escrow underneath. 
‘The eye was rendered sensitive by the moderation of the 
light; and, to remove still further all disturbing camps, 
‘Lieutenant Walton had a sail and tarpaulin thrown over 
the mouth of the well, Underneath this T perched my- 
self and watched the screw. In an indigo sea the play of 
colour was indescribatly beautiful, and the contrast be- 
tween the water, which had the serew-blades, and that 
which bad the bottom of the ocean, as a background, was 
extraordinary. The one was of the most brilliant green, 
the other of the deepest ultramarine. The surface of the 
water above the screw-blade was always ruffled. Liquid 
Tenses were thus formed, by which the coloured light 
was withdrawn from some places and concentrated upon 
others, the water flashing with metallic lustrs. ‘The serew~ 
Llades in this case played the part of the dinner-plate in 
the former case, and there were other instances of a similar 
kind. ‘The white bellies of porpoises showed the green hue, 
varying in intensity as the creatures swung to and fro be- 
tween the surface and the deeper water, Foam, ata certain 
dopth below the surfuce, is also green. In a rough sea the 
light which has penetrated the summit of a wave sometimes 
renches the eye, a beautiful green cap being thus placed 
upon the wave, even in indigo water, 


"Tn no case of course, is the grven pure but a mixture of green and 
tae, 
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But how is this colour to be connected with the sus- 
pended particles? Take the dinner-plate which showed 
80 brilliant a green when thrown into indigo water. 
Suppose it to diminish in size, until it reaches an almost 
Ticroscopic magnitude, It would still behave substan- 
tially as the larger plate, sending to the eye its modicum 
of green light. If the plate, instead of being a large 
coherent mass, were ground to a powder sufficiently fine, 
and in this condition diffused through the clear sea- 
water, it would send green light to the eye. In fact, the 
suspended particles which the home examination reveals, 
act in all essential particulars like the plate, or like the 
scrow-blades, or like the foam, or like the bellies of the 
porpoises, Thus I think the grecnnoss of the sea is physi- 
‘cally connected with the matter which it holde in sue 


‘We reached Portsmouth on January 5, 1871. Then 
ended a voyage which, though its main object was not 
realised, has left behind it pleasant: memories, both of 
the aspects of nature and the kindliness of men. 
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NIAGARA, 
1872. 


is one of the disadvantages of reading books about 

natural scenery that they fill the mind with pictures, 
often exaggerated, often distorted, often blurred, and, even 
when well drawn, injurious to the freshness of first impres~ 
sions. Such has been the fate of most of us with regard 
to the Falls of Niagara. There was little accuracy in the 
estimates of the first obeervers of the cataract. Startled 
by an exhibition of power »o novel and so grand, emotion 
leaped beyond the control of the judgment, and gave 
currency to notions which have often led to disappoint- 
ment. 

A record of a voyage in 1635 by a French mariner 
named Jacques Carticr, contains, it ix said, the first printed: 
allusion to Nisgurs. In 1608 the first map of the distriet 
was constructed by a Frenchman named Champlain. In- 
1648 the Jesuit. Ragoncau, in n lotter to his superior at 
Paris, mentions Niagara as ‘a cataract of frightful height. * 
In the winter of 1678 and 1679 the cataract was visited 
by Father Hennepin, and describod in a book dedicated *to 
the King of Great Britain.’ He givesa drawing of the 
waterfall, which shows that serious changes have taken 
place since his time. He describes it as ‘a great and pro- 

* From un intoresting little book presonted to mo at Brooklyn by ite 


author, Mr. Holly, nome of there data are derived ; Hennepin, Kale, Bake 
woll, Lyell, Hall, ond others 1 have myself consulted, 
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digious cadence of water, to which the universe does not 
offer a parallel.’ The height of the fall, according to 
Hennepin, wae more than 600 feet. ‘The watere,’ he says, 
“whieh fall from this great precipice do foam and boil in 
the most astonishing manner, making a noise more terrible 
than that of thunder. When the wind blows to the south 
its feightfal roaring may be heard for more than fifteen 
Jeagues’ The Baron la Hontan, who visited Niagara in 
1687, makes the height 800 fect. In 1721 Charlevois, in 
a letter to Madame de Maintenon, after referring to the 
exaggerations of his predecessors, thus states thé result of 
his own observations: * For my part, after oxamining itn 
all sides, I am inclined to think that we cannot allow it 
Jem than 140 or 150 fect —a romarkably close estimate, 
‘At that time, viz, a hundred and fifty years ago, it had 
the shape of a horseshoe, and reasons will subsequently 
be given for holding that this bas been always the form of 
the cataract, from its origin to its present site. 
As regards the noise of the fall, Charlevois declares 
‘the accounts of his predecessors, which, 1 may say, are 
to the present hour, to be altogether extravagant. 
He is perfeetly right. The thunders of Niagara are formi- 
dable enough to those who really seek them at the base of 
the Horseshoe Fall; but on the banks of the river, and 
particularly above the fall, its silence, rather than its 
‘noise, is surprising. This arises, in part, from the lack of 
resonance; the surrounding country being flat, and there= 
fore furnishing no echoing surfaces to reinforce the shock 
of the water, The resonance from the surrounding rocks 
causes the Swiss Reuss at the Devil's Bridge, when full, to 
thunder more loudly than the Niagara. 
On Friday, Novernber 1, 1872, just) before reaching 
| the village of Niagara Falls, I caught, from the railway 
train, my first glimpse of the smoke of the catarnets 
Tmmediately afer my arrival I went with a friend to 
oc 


—— 


a 





the northern end of the American Fall. It may be that 
my mood at the time toned down the impression pro 
duced by the first aspect of this grand cascade; but I 
felt nothing like disappointment, knowing, from old ex 
perience, that time and clove acquaintanceship, the 
interweaving of mind and nature, must powerfully in 

my final estimate of the scone. After dinner we crossed 
to Goat Island, and, turning to the right, reached the 
southern end of the American Fall, The river is here 
studded with small islands, Crossing 8 wooden bridge 
to Luna Island, and clasping tree which grows neur its 
edge, I looked long at the cataract, which here shoots 
down the precipice like an avalanche of foam. It grew 
in power and beauty. ‘Tho channel spanned by the 
wooden bridge was deep, and the river there doubled 
over the edge of the precipice, like the swell of a muscle, 
unbroken. The ledge here overhangs, the water being 
poured out far beyond the base of the precipice. A space, 
called the Cave of the Winds, is thus enclosed between 
the wall of rock and the falling water. 

Goat Island ends in a sheer dry precipice, which 
connects the American and Horseshoe Falls, Midway 
between both is a wooden but, the residence of the guide 
to the Cave of the Winds, and from the hut a winding 
staircase, called Riddles Stair, descends to the base of 
the precipice. On the evening of my arrival I went down 
this stair, and wandered along the bottom of the eliff, 
‘One well-known factor in the formation and retrent, of the 
cataract was immediately observed. A thick layer of 
limestone formed the upper portion of the cliff. This 
zosted upon a bed of soft ebale, which extended round the 
base of the cataract. The violent recoil of the water 
against this yielding substance crumbles it away, under 
mining the ledge above, which, unsupported, eventually 
Dreaks off, and produces the observed recession. 





NIAGARA. Pi 


At the southern extremity of the Horseshoe is a pro- 
montory, formed by the doubling back of the gorge, ex- 
eavated by the cataract, and into which it plunges. On 
the promontory stands a stone building, called the Terrapin 
‘Tower, the door of which had been nailed up because of 
the deeay of the staircase within it. Through the kind- 
ness of Mr. Townsend, the superintendent of Goat Island, 
the door was opened for me, From this tower, at all 
hours of the day, and at some hours of the night, I watched 
‘and Histenod to the Horseshoe Fall. The river here in 
evidently much deeper than the American branch; and 
instead of bursting into foam where it quits the ledge, 
it bends solidly over, and falls in s continuous layer 
of the most vivid green. The tint is not uniform ; 
Jong stripes of deeper hue alternating with bands of 
brighter colour. . Close to the ledge over which the water 
rolls, foam is generated, the light falling upon which, and 
flashing back from it, is sifted im its passage to and fro, 
and changed from white to emerald-green. Heaps of 
superficial foam are also formed st intervals along the 
Tedge, and are immediately drawn into long white striss,* 
Lower down, the surfice, shaken by the reaction from 
below, incessantly rustles into whiteness, The descent 
finally resolves itself into a rhythm, the water reaching the 
bottom of the fall in periodic gushes. Nor is the spray 
uniformly diffused through the air, but is wafted through 
+ in mocessive veils of gauzelike texture, From all this 
it is evident that beauty is not absent from the Horseshoe 
Fail, but majesty is its chief attribute. The plunge of 
the water is not wild, but deliberate, vast, and fascinating. 
From the Terrapin Tower, the adjacent arm of the Horse- 
shoe is seen projected against the opposite.ons, midway 


4 he direction of tho wind with refsrence to the course of ship mny 
be inferred with accuracy from the foam-strenks on the surface of the wa, 
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down ; to the tnngtactlin, Aieaes, SIRO 
of the gulf into which the ostarst plunges, 
‘The delight which natural soaaciny protabed Piste 
minds is difficult to explain, and the conduct which ® 
prompts ean harily be fairly eritielsed by thote who have 
never experienced it. It scems to mes deduction from | 
tha chnildleded of the celebrated Thomas Young, that 
he was unable to appreciate natural scenery. * He had 
really,’ saps Doan Peacock, ‘no taste for life in the 
country; he was one of those who thought that no one 
who was able to live in London would be content to live 
elsewhere.’ Well, Dr. Young, like Dr. Johnson, had a 
right to his delights; but I can understand a hesitation 
to accept them, high as they were, to the exclusion of 










‘That oorflowing joy which Nature yields 
‘To har truo Jovors. 


To all who are of this mind, the strengthening of desire 
on my part to see and know Niagara Falls, as far as it 
in possible for them to be seen and known, will be intel- 
Lgible. 

On the fimt evening of my visit, I met, at the head of 
Biddle’s Stair, the guide to the Cave of the Winds. Ho 
was in the prime of manhood—large, well built, firm and 
pleasant in mouth and eye. My interest in the scene 
stirred up his, and made him communicative 
to n photograph, he deseribed, by reference to it, n feat 
which be had accomplished some time previously, and 
which had brought him almost under the green water of 
the Horseshoe Fall. ‘Can you lead me there to-morrow 7” 
I asked. He eyed me enquiringly, weighing, perhaps, the 
chances of a man of light build, and with grey in his 
whiskers, in such an undertaking. ‘I wish, T added, *to 
see as much of the fall as can be seen, and where you lead 
T will endeavour to follow.’ His scrutiny relaxed into a 
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smile, and he raid, Very well; I shall be ready for you 
to-morrow! 

On the morrow, accordingly, I came. In the hut at 
the head of Biddlo’s Stair I stripped wholly, and re= 
dressed according to instructions,—drawing on two pairs of 
woollen pantaloons, three woollen jackets, two pairs of 
socks, and a pair of felt shoes. Even if wot, my guide 
assured me that the clothes would keep me from being 
chilled; and hé was right. A suit and hood of yellow oileloth 
covered all. Most laudable precautions were taken by 
the young assistant who helped to dress me to keep the 
water out; but bis devices broke down immediately when 
severely tested. 

We descended the stair; the handle of a pitehfork 
doing, in my case, the duty of an alpenstock. At tho 
bottom, the guide enquired whether we should go first to 
the Cave of the Winds, or to the Horseshoe, remarking 
that the latter would try us most. I decided on getting 
the roughest done first, and he turned to the left over the 
stones. They were sharp and trying. The base of the 
first portion of the cataract is covered with huge boulders, 
obvioutly the ruins of the limestone ledge above. The 
water dees not distribute itself uniformly among theso, but 
seeks for itself channels through which it pours torrentially. 
We pasted some of these with wetted feet, but without diff= 
culty. At length we came to the side of a more formidable 
current. My guide walked along its edge until he reached 
its leant. turbulent portion. Halting, he said, ‘This in 
our greatest difficulty; if we can cross here, we shall get 
far towards the Horseshoe.” 

Ho waded in. It ovidontly required all his strength 
to steady him. The water rose above hie loins, and it 
foamed still higher. Ho had to search for footing, amid 
unseen boulders, against which the torrent rose violently. 
He struggled and swayed, but he struggled successfully, 
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and finally reached the shallower water at the other side 
Stretching out his arm, he said to me, *Now come on.) I 
Jooked down the torrent, as it rushed to the river below, 
which was seething with the tumult of the cataract. De 
Saussure recommended the inspection of Alpine: 
with the view of making them familiar to the eye before 
they are encountered; and it is a wholesome custom in 
places of difficulty to put the possibility of an accident 
clearly before the mind, and to decide beforehand what 
ought to be done should the accident occur. Thus wound 
up in the present instance, I entered the water. Even 
where it was not more than knee-deep, its power was 
manifest, As it rose around me, I sought to split the 
torrent by presenting a side to it; but the insecurity of 
the footing cunbled it to grasp my loins, twist mo fairly 
round, and bring its impetus to bear upon my back. 
Farther struggle was impossible; and feoling my balance 
hopelessly gone, I turned, flung myself towards the bank 
just quitted, and was instantly, as expected, swept into 
shallower water, 

The oilcloth covering was a grest incumbrance; it 


of two bags of water. My guide exhorted me to try 
again. Prudence was at my elbow, whispering diesuasion ; 
but, taking everything into account, it appeared more im= 
moral to retreat than to proceed. Tnstrueted by the first 
misadventure, I once more entered the stream. Had the 
alpenstock been of iron it might have helped me; beats ax 
it was, the tendency of the water to sweep it out of my 
hands rendered it worse than useless. J, however, clung 
to it by habit. Again the torrent rose, and again I 
wavered ; but, by keeping the left hip well against it, I 
remained upright, and at length grasped the hand of my 
leader at the other side. He laughed pleasantly. ‘The 


—— > 





first victory was gained, and he enjoyed it. ‘No traveller,’ 
hho said, ‘wus ever here before.’ Soon afterwards, by 
trusting to a piece of drift-wood which seemed firm, I 
was again taken off my feet, but was immediately caught 
by a protruding rock. 

We clambered over the boulders towards the thickest 
spray, which soon became so weighty as to cause us to 
stagger under its shock. For the most part nothing could 
be seen; wo wore in the midst of bewildering tumult, 

| Inshed by the water, which sounded at times like the 
emcking of innumerable whips, Underneath this was 
the deep resonant roar of the cataract. I tried to shield 
my eyes with my hands, and look upwards; but. the de- 
fence was useless. The guide continued to move on, but 
at a certain place he halted, and desired me to take shelter 
in his lee, and observe the cateract. The spray did not 
_ come so much from the upper ledge, as from the rebound 
of the shattered water when it struck the bottom. Hence 
the eyes could be protected from the blinding shock of 
the epray, while the line of vision to the upper ledges re~ 
mained to some extent clear, On looking upwards over 
the guide's shoulder I could sea the water bending over 
the ledge, while the Terrapin Tower loomed: fitfully 
through the intermittent spray-gusts. We were right 
under the tower, A little farther on the cataract, after 
its first plunge, hit a protuberance some way down, and 
flow from it in a prodigious burst of spray; through. this 
‘we staggered. We rounded the promontory on which the 
‘Terrapin Tower stands, and moved, amid the wildest 
commotion, along the arm of the Horseshoe, until the 
boulders failed us, and the cataract fell into the profound 
gorge of the Niagara River. 
Here the guide sheltered me again, and desired me to 
look up; I did #0, and could see, as before, the green 
gleam of the mighty curve sweeping over the upper ledge, 


—— 


Dent in the shelter of his large frame he sid, 
like to se you attempting: to. doseribe all: 


guide, he ought to havea rope in such a estan 
retorted that, as no traveller had ever thought of coming 
there, he did not see the necessity of keoping a rope. He 
waded in. The struggle to keep himself erect w ‘a | 
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enough; ho swayed, but recovered himeclf again and 
again. At length he «lipped, gaye way, did as L had 
done, threw himself towards the bank, and was swopt into 
the shallows. Standing in the stream near its edge, he 
stretched his arm towards me, I retained the pitehfork- 
handle, for it had been useful among the boulders, By 
wading some way in, the staff could be made to reach him, 
and I proposed his acizing it. ‘If you are sure,’ he replied, 
“that, in case of giving way, you can maintain your gmap, 
then I will cartainly hold you.’ Remarking that he might 
count on this, [ wadedin, and stretched the staff to my com- 
panion. It was firmly grasped by both of us. Thus helped, 
though its onset was strong, I moved safely across the tor~ 
rent. All danger ended here. We afterwards roamed soci- 
ably among the torrents and boulders below the Cave of the 
Winds, The rocks were covered with organic slime, which 
could not have been walked over with bare fect, but the 
felt shoes offectually prevented elipping. We reached the 
cave and entered it, first. by a wooden way carried over the 
boulders, and then along a narrow ledge, to the pointeaten 
deepest into the shale. When the wind is from the south, 
the falling water, Fam told, can be seen tranquilly from 
this spot; but when we were there, a blinding hurricane 
of spray was whirled against us. On the evening of the 
same day, I went behind the water on the Canada side, 
which, after the experiences of the morning, struck me 
ag an imposture. 

Still even this latter is exciting to some nerves. Its 
effects upon himself is thus vividly described by Mr. 
Bakewell, jun.: ‘On turning a sharp angle of the rock, & 
sudden gust of wind met us, coming from the hollow 
between the full and the rock, which drove the spray 
directly in our faces, with such force that in an instant 
we were wet through. When in the midst of this ehower- 
bath the shock took away my breath: L turned back and 





To complete my knowledge I desired to see the fill 
tae an ng ein we 
comary to secure the means of 
Wirth rie bn ptt ae ] 
but this difficulty, through the kind intervention of Mr 
‘Townsend, was overcome. The main one was to ssoure 
oarsmen sufficiently strong and skilful to urge the beat 
whero Twished it to be taken. ‘The son of the owner of 
the boat, a finely-built young fellow, but only twenty, and 
therefore not rulitelently herd, ar ots at 
up the river, it wns stated, there lived another man wbo 
would do anything with the boat which strength and 
daring could accomplish. He came, His figure and 
expression of fuco certainly indicated extraordinary firm 
ness and power. On Tuesday, November 5, wo started, 
each of us being clad in oilcloth. The elder carsman. 
at once assumed a tone of authority over his companion, 
and struck immediately in amid the breakers below the” 
American Fall, He hugged the cross freshets instead” 
of striking out into the smoother water, 1 asked him 
why he did 0, nnd he replied that they word directed” 
outwards, not downwards. The struggle, however, to” 
prevent the bow of the boat from being turned by) thie,’ 
was often very severe. 

‘The spray was in general blinding, but at times it 
dianppeared und yielded noble views of the fill. ‘The 
edge of the cataract is crimped by indentations which” 
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exnlt, its beauty. Here and there, a little below the 
highest ledge, a secondary one jute out; the water strikes 
it and bursts from it in huge protuberant masses of foam 
and spray. We passed Goat Island, came to the Horso- 
shoe, and worked for a time along the base of it, the 
boulders over which Conroy and myself had scrambled a 
few days previously lying between us and the base. A 
rock was before us, concealed and revealed at intervals, as 
the waves passed over it. Our leader tried to get above 
this rock, firat on the outeide of it. The water, however, 
was here in violent motion. The men struggled fiercely, 
the older one ringing out an incessant peal of command 
and exhortation to the younger. As we wore just clearing 
the rock, the bow came obliquely to. the surge; the boat: 
was turned suddenly round and shot with astonishing 
rapidity down the river. The men returned to the charge, 
now trying to get up between the half-concealed rock and 
the boulders to the left, But the torrent set in strongly 
through thischannel. Tho tugging wasquick and violent, 
but we made little way. At length, ecizing a rope, the 

carsman made a desperate attempt to get upon 
‘one of the boulders, hoping to be able to drag the boat 
through the channel; but it bumped so violently. against, 
the rock, that, the man flung himself back and relinquished, 
the attempt. 

We returned along the base of the American Full, 
running in and out among the currents which rushed 
from it laterally into the river. Seen from below the 
Amorican Full is certainly exquisitely beautiful, but it is 
‘® mere frill of adornment to its nobler neighbour the 
Horseshoe, At times we took to the river, from the 
eentre of which the Horseshoe Full appeared especially 
magnificent. A streak of cloud across the neck of Mont 
Blanc can double its apparent height, so here the green 
summit of the cataract shining aboye the smoke of spray 


le ya 








From a point « little way below the American Fall, ; 
ferry crosses the river, in summer, to the Canedian sides 
Below the forry is @ suspension bridge for carriages and 
foot-pastengers, and a mile or two lower down. is the 
railway suspension bridge. Between the ferry and the 
latter the river Niagara flows unrnfiled; but at the sus 
pension bridge the bed xterpens and the river quickens ita 
motion. Lowerdown the gorge narrows,and therapidityand 
turbulence increase. At the place called the * Whirlpool 
Rapids’ I estimated the width of the river at 300 fret, am 
estimate confirmed by the dwellers on the spots When it 
is remembered that the drainage of nearly balf a continent 
is compressed into this space, the impetuosity of the 
river's eseape through this gorge may be imagined. Had 
it not been for Mr. Bierstiidt, the distinguished photo- 
grapher of Niagara, I. should have quitted the place 
without seeing these rapids ; for this, and for hisagreeable 
company to the spot, Ihave to thank him. From the 
edge of the cliff above the rapids, we descendod, a little E 
confess to a climber’s disgust, in an‘ elevator,’ beeause the 
effects are best seen from the water level. ” 

‘Two kinds of motion are here obviously active, = 
motion of translation and a motion of undulation—the 
race of the river through its gorge, and the great waves 
encrated by its collision with, and rebound from, the 
obstacles in ite way. In tho middle of the river the rush 
and towing are most violent; at all events, the impetuous 
force of the individual waves is here most: strikingly dis- 
played. Vast pyramidal heaps Jeap incessantly from the 
river, some of them with such energy as to jerk their sum= 





mits into the air, where they hang suspended as bundles of 
liquid-sphernles, ‘The sun shoue for a few minutes. At 
times the wind, coming up the river, searched and sifted 
the spray, carrying away the lighter drops, and leaving the 
heavier ones behind. Wiafied in the proper direction, 
rainbows appeared and disappeared fitfully in the lighter 
mist. In other directions the common gleam of tho sun- 
shine from the wavos and their shattered croste was exqui- 
sitely beautiful. The complexity of the action was still 
further Mustrated by the fact, that in some enses, as if by 
the exercise of a local explosive force, the drops were shot, 
radially from a particular centre, forming around ita kind 
of halo. 


‘Tho first impression, and, indood, the current explana- 
tion of theee rapide ia, that the eentral bed of the river is 
eumbered with large boulders, and that tho jostling, 
tossing, and wild leaping of the water there, are due to its 
impact against these obstacles, I doubt this explanation. 
Avail events, there is another sufficient reason to be taken 
inte account. Boulders derived from the adjacent cliffs 
visibly cumber the sides of the river. Against these the 
water rises-and sinks rhythmically but violently, large 
waves being thus produced. On the generation of each 
wave, there is an immediate compounding of the wave- 
motion with the river-motion. The ridges, which in still 
water would proceed in cireulur curves round the centre of 
disturbance, cross the river obliquely, and the result ix 
that at the centre waves commingle, which have really been 
generated at the sides. In. the first instance, we had a 
composition of wave-motion with river-motion; here we 
have the conlescence of waves with waves. Where creat 
and farrow cross each other, the motion is annulled; where 
furrow and furrow cross, the river is ploughed to'a greater 
depth ; and where crost and crest aid each other, we have 
thatoastonishing leap of the water which breaks the cohe~ 
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sion of the crests, und tones them shattered into the air, 
From the water level the cause of the action is not so 
easily seen; but from the summit of the cliff the lateral 
genoration of the waves, and their propagation to the 
centre, are perfoctly obvious, If this explanation be cor- 
rect, the phenomena observed at the Whirlpool Rapids 
form ono of the grandest illustrations of the principle of 
interference. The Nile ‘cataract, Mr Huxley informs me, 
offers more moderate exnmplex of the sime action. 

At some distance below the Whirlpool Rapids wo have 
the celebrated whirlpool itself, Here the river makes a 
sudden bend to the north-east, forming nearly a right angle 
with its provious direction. Tho water strikes the con 
caye bank with great foree, and scoope it incessantly away. 
A vast basin has been thus formed, in which the sweep 
of the river prolongs itself in gyratory currents. Bodies 
and trees which have come over the falls, are stated to eire 
culate here for days without finding the outlet. From 
yarious pointe of the cliffs above, this is curiously hidden. 
‘The rush of the river into the whirlpool is obvious enough 5 
and though you imagine the outlet must be visible, if one 
existed, you cannot find it. ‘Turning, however, round tho 
bend of the precipice to the north-enst, the outlet comes 
into view. 

‘The Niagarn season was over; the chatter of sight- 
seers had ceased, and the scene presented itself as one of 
holy seclusion and beauty, I went down to the river's 
edge, where the weird loneliness seemed to increase. The 
basin is enclosed by high and almost precipitous banks 
—corered, at the time, with rusect woods. A kind of 
mystery attaches itself to gyrating water, due perhaps to 
the fact that we are to some extent ignorant of the diree~ 
tion of its force. It is said that at certain points of the 
whirlpool pine-trees are sucked down, to be ejected mys 
teriously elsewhere. The water is of the brightest emerald 
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green. The gorge through which it escapes is narrow, 
and the motion of the river swift though silent. The 
surface is steoply inclined, but it is perfectly unbroken. 
‘Thero are no lateral waves, no ripples with their breaking 
bubbles to raise a murmur; while the depth is here too 
{reat to allow the inequality of the bed to ruffle the sur= 
face, Nothing can be more beantifal than this sloping 
liquid mirror formed by the Niagara, in sliding from the 
whirlpool. 

The green colour is, I think, correctly accounted 
for in Fragment VI. In crossing the Atlantic I had 
frequent opportunities of testing the explanation thore 
given. Looked properly down upon, there are portions 
of the ocean to which we should hardly ascribe a trace 
of blue; at the most, a hint of indigo reaches the eye. 
‘The water, indeed, is practically black, and this ix an 
indication both of its depth and its freedom from mechani- 
cally suspended matter. In small thicknesses water iv 
sensibly transparent to all kinds of light; but, as the 
thickness increases, the mys of low refrangibility are first 
absorbed, and after them the other rays. Where, thero- 
fore, the water is very deep and very pure, all the colours 
are absorbed, and such water ought to appear black, as no 
light is sent from its interior to theeye. The approxima- 
tion of the Atlantic Ocean to this condition is an indica- 
tion of its extreme purity. 

‘Throw a white pebble into such water; as it sinks it 
‘becomes greener and greener, and, before it dissppears, it 
reaches @ vivid blue-green. Brenk such a pebble into 
fmgments, each of these will behave like the unbroken 
mass} grind the pebble to powder, every particle will yield 
its modicum of green ; and if the particles be eo fine as to 
remain suspended in the water, the scattered light will be 
© uniform green. Hence the greenness of shoal water. 
You go to bed with the black Atlantic around you. 


Heme 
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by rendering the particles too numerous and gross. Such 
& case occurred towards the close of my visib to Niagara. 
There had been rain and storm in the upper-lake regions, 
and the quantity of suspended matter brought down quite 
extinguished the fascinating green of the Horseshoo. 
Nothing can be more superb than the green of the 
Atlantic waves, when the circumstances are fayournble to 
the exhibition of the colour. Ax Tong as a wave remains 
unbroken no colour appewrs; but when the foam just 
doubles over the crest, like an Alpine snow-cornice, under 
the cornice we often see a display of the most exquisite 
green. It is metallic in ite brilliancy. But the foam is 
necessary to its production. ‘The foam is firet illuminated, 
and it scatters the light in all directions; the light which 
pisies through the higher portion of the wave alone 
reaches the eye, and gives to that portion its matehless 
colour. The folding of the wave, producing, as it does, 
a series of Jongitudinal protuberances and furrows which 
act like cylindrical lenses, introduces variations in the 
intensity of the light, and materially enhances its beauty. 


We bave now to consider the genesis and proximate 
destiny of the Falla of Niagara, We may open our 
way to this subject by a few preliminary remarks upon 
erosion. Time and intensity are the main faeton: of 
guologic change, and they are in # certain sense coms 
vertible, A feeble foree acting through long periods, and 
an intense force acting through short ones; may produce 
approximately the same results. To Dr, Hooker I have 
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been indebted for some specimens of stones, the first, 
examples of which were picked up by Mr. Hackworth on 
the shores of Lycll’s Bay, near Wellington, in New Zealand, 
Thoy were described by Mr. 'I'rmvers in the ‘Transactions 
of the New Zealand Institute.’ Unaequainted with their 
origin, you would certainly ascribe their forms to human 
workmanship, They resemble knives and spear-heads, 
being apparently chiseled off into facets, with ss much 
attention to symmetry as if a tool, guided by human in= 
telligence, had passed over them. But no human instru- 
ment bas been brought to bear upon these stones, They 
have been wrought into their present shape by the wind 
‘blown sand of Lyoll’s Bay. ‘Iwo winda are dominant here, 
and they in succession urged the sand against opposite 
sides of the stone; every little particle of sand chippod 
away itsinfinitesimal bit of stone, and in the end sculptured 
these singular forms.! 

‘The Sphynx of Egypt is nearly covered up by the sand 
of the desert, Tho neck of the Sphynx is partly cut 
woross, not, as I am assured by Mr. Huxley, by ordinary 
weathering, but by the eroding action of the fine sand 


{Thor stoves, which have a strong reianblunce to works of human 
‘art, ocur in grant abundanco, and of various sino, from half-an-inch to 
severe! inches in longth. A large number wero exhibited showing the 
‘various forms, which are thors of wedges, kaivos, orrow-heads, fe, and all 
‘with susp cutting edges, 

+ Mr, Travors explained that, notwithstanding their artificial appearance, 
those stones were formed by the entting action of the wind-driven sand, am 
We pasted to ‘and fro over an exposed bouldar-bank, He gave « minute 
‘secountof tho manner in which the vaxioties of form are, produced, and re: 
ferred to tho effect which the ereaive action thas indicated would have on 
railway and other works executed on sandy tmets, 

"Dr. Hector stated that although, ax a group, the specimens om thetable 
‘oeld not walk be mistakea for artificinl prodnecions, still the forms sre ¥0 
peculiag, and tho edges, in a fow of thom, ao porfect, that if they were dis- 
‘covered associated with human works, there ie no doubt that they would 
bare been referred to the so-called “stone period.” '—Eztracted frow the 
Minvics of the Wellington Philowrphical Society, February 0, 1809, 





blown agninst it. In theee eases Nature furnishes us with 
hints which may be taken advantage of in art; and this 
netion of sand has been recently turned to extraordinary 
account in the United States. When in Boston, I was 
taken by Mr, Josiah Quincey to see the action of the 
sand-tlast. A kind of hopper containing fine slicious 
sand was connected with a reservoir of compressed air, 
the pressure being variable at pleasure, The hopper 
ended in a long slit, from which the mnd was blown, A 
plate of glaes was placed beneath this elit, and caused to 
pass slowly under it; it came out perfectly depolished, 
with © bright opalescent glimmer, such as could only be 
produced by the most careful grinding. Every little 
pea of wand urged aguinst. the glass, having all ite 

ergy concentrated on the point of impact, formed there 
a litle pit, the depolishod qurface consisting of cmamersble 
hollows of this description. 

But this was notall. By protecting certain portions of 
the surface, and exposing others, figures and tracery ofany 
required form could be etched upon the glass. The figures 
of open iron-work could be thus copied; while wire-gauze 
placed over the glass produced a reticulated pattern. But 
it required no such resisting substance as iron to shelter 
the glass, The patterns of the finest lace could be thus 
reproduced 5 the delicate filaments of the lace iteclf offering 
a sufficient protection. All these effects haye been obtained 
with a simple model of the sand-blast devised by my 
assistant. A fraction of a minute suffices to oteh upom 
glass a rich and beautifal lace pattern. Any yielding 
substance may be employed to protect the glaw. By 
immediately diffusing the shock of the particle, such sub- 
stances practically destroy the local erosive power. The 
hand can bear, without inconvenience, a ¢and-shower which 
would pulverise glass. Etchings executed on glass with 
suitable kinds of ink sre accurately worked out by the 
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sand-blast. Tn fact, within certain limits, the harder the 
surface, the greater is the concentration of the shock, and 
the more effectual is the erosion. It is not necessary 
that the sand should be the harder substance of the two; 
corundum, for example, is much harder than quarts; still, 
quartz-and can not only depolish, but actually blow o 
hole through a plate of corundum, Nay, glass may be 
depolished by the impact of fine shot; the grains in this 
case bruising the glass, before they have time to flatten, and 
turn their energy into heat. 

And here, in passing, we may tie together one or two 
apparently unrelated facts. Supposing you turn on, at 
the lower part of a house, a cock which ia fed by a pipe 
from a cistern nt the top of the housc, the column of 
water, from the cistern downwards, is set in motion. By 
turning off the cock, this motion is stopped; and when 
the turning off is very sudden, the pipe, if not strong, may 
be burst by the internal impact of the water. By distribu- 
ting the turning of the cock over half asecond of time, the 
shock and danger of rapture may be entirely avoided. We 
have here anexample of the concentration of energy in time. 
‘The sand-blast illustrates the concentration of energy in 
space. The action of flint and steel is an illustration of the 
same principle. ‘The heat required to generate the sparle 
is intense; and the mechanical action, being moderate, 
must, to produce fire, be in the highest degree con« 
centrated. ‘This concentration is secured by the collision 
of hard substances. Cale-spar will not supply the place 
of flint, nor lead the place of steel, in the production of fire 

"by collision, With the softer substances, the fotal hent 
produced may be greater than with the hard ones, but, to 
produce the spark, the heat must be intoneely locatieed, 

But we can go far beyond the mere depolishing of 
glass; indeed, I have already said that quartz-mnd can 
wear a hole through corundum, This leads me to express 
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my acknowledgments to General Tilghman,’ who is the 
inventor of the sand-blast, To his 
T am indebted for some beantiful illustrations of his 
process. In one thick plate of glass @ figure has bea 
worked ont to n depth of gths of an inch. Prove = 
ths of an inch thick, is entirely perforated. ‘Througl 8 
circular plate of marble, nesrly half an inch 
work of the most. intricate and elaborate: n 
boen executed. It would probably take many days to per 
form this work by any ordinary process; with’ the eand- 
blast it was accomplished in an hour, So much for the 
strength of the blast; ite delicacy is illustrated by a 
beautiful example of line engraving, etched on glaw by 
means of the blast.® 

This power of erosion, so strikingly displayed when 
sand is urged by air, renders-us botter able to conceive its 
action when urged by water, The erosive power of = 
river is vastly augmented by the solid matter carried aloug 
with it. Sand or pebbles, caught in a river vortex, ean 
wear away the hardest pam Rc spine i= 
drical shafts being thus produced. An 
stance of this kind of erosion is to be sean rere 
Tournanche, above the village of thisname. ‘The gorge at 
Handeck has been thus cut out, Such waterfalls were once 
frequent in the valleys of Switzerland; for hardly any 
-valloy is without one or more transverse barricrs of resist~ 
ing material, over which the river flowing through the 

* The al 
wear es bev oies  enly stool re 
of men like Mr. ‘Tilghman from the lifo of the soldier vo that of thocieitiars, 
Gonoral MoClollsn, now s civil aginoee, whom 1 had the honour of feo 
quently meeting in New York, ix a most ominont axnmplof tho mtce kind, 
{hd fh wd ion a hal of men wr ne vey 

‘on nstooishingly short time, from military to eiril fe. It ix obvious 

eth atten sh jhowslacooelay an hal nn dey 

* The snnd-blast will be in operation thin your at the Kensingtoa 








«a eelapeamenan egies Aar, and over the 
harrier the lake poured its excess of water. Here the 
rock, being limestone, wax in great part dimolved ; but 
added to this we had the action of the sand particles 
| Shan plemipen ection 

rock, chipped it away like the particles of the aund-blast, 


togration of effects individually infinitesimal. 

And now we come to Niagara, Soon after Europeans 
had taken possession of the country, the conviction appears 
to have arisen that the deep channel of the river Niagara 
below the falls had been excavated by the cataract. In 
Mr. Bakewell’s ‘Introduction to Geology,’ the prevalence 
of thie belief bas been reforred to; it is expressed thus by 
Professor Joseph Henry in the * Transactions of the Albany 
Instituto :’! ‘In viewing the position of the falls, and the 
features of the country round, it is impossible not to be 
impressed with the idea that this great natural raceway 
has been formed by the continued action of the irresistible 


* Quoted by Bakewell, 
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Niagara, and that the falls, beginning. x etn 
in the course of ages, worn back the rocky strata to their 


present site.’ The sume view is advocated by 83 
Lyell, by Mr. Hall, by M. Agassiz, by 
indeed by most of thote who have inspected 


A connected imago of the origin and progress of the 
cataract is easily obtained, Walking northward from the 
village of Niagara Falls by the side of the river, we have 
to our Ieft the deep and comparatively narrow gorge, 
through which the Niagara flows, ‘The bounding eliffs of 
this gorge are from 300 to 350 feet high. We reach the 
whirlpool, trend to the morth-east, and after a little time 
gradually resume our northward course. Finally, at about 
seven miles from the present falls, we come to the edgeof 
a declivity, which informs us that we have been hitherto 
walking on table-land. At some hundreds of feet below 
us is a comparatively level plain, which stretches te Lake 
Ontario, The declivity marks the end of the precipitons _ 
gorge of the Niagara. Here the river escapes from its 
steep mural boundaries, and in a widened bed pursues its 
way to the lake which finally receives its waters. - 

‘The fact that in histarie times, even within the menory 
of man, the fall has sensibly receded, prompts: 

‘How far has this recession game? Ab what point did the 
ledge which thus continually creeps backwards bogin its 
retmgride course? To minds disciplined in such researches 
the answer has been, and will be—At the precipitous de 
clivity which crossed the Niagara from Lewiston on the 
American to Queenston on the Canadian side. Over this 
transverse barrier tho united aflluents of all the upper Jakex 
once poured their waters, und here the work of erosion 
began. The dam, moreover, was demonstrably of sufficient: 
height to cause the river above it to submerge Goat Island ; 
and this would perfoctly account for the finding by Sir 
Charles Lyell, Mr. Hall, and others, in the sand and gravel 
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of the island, the samo fluviatile sholla ag are now found 
in the Niagara River higher up. It would also account 
for those deposits along the sides of the river, the discovery 
of which enabled Lyell, Hall, and Ramsay to reduce to 
demonstration the popular belief that the Niagara onco 
flowed through shallow valley. 

‘The physics of the problem of excavation, which I made 
clear to my mind before quitting Niagara, are revealed by 
® clove inspection of the present Horseshoo Fall. We 
see evidently that the greatest weight of water bends 
over the very apex of the Horseshoe. In a passage in his 
excellent chapter on Niagara Falls, Mr. Hall alludes to 
‘this fact, Here we have the most. copious and. the most 
violent whirling of the shattered liquid; here the most 
powerful eddies recoil against the shale, From this por 
tion of the fall, indeed, the spray sometimes rises without 
solution of continuity to the region of clouds, 
gradually more attenuated, and passing finally through 
‘the condition of true cloud into invisible vapour, which is 
sometimes reprecipitated highor up. All the phenomena 
point distinctly to the centre of the river as the place of 
greatest mechanical energy, and from the ecentrethe vigour 
of the fall gradually dies away towards the sides The 
Horseshoe form, with the concavity facing downwards, ix 
‘an obvious and necessary consequence of this action. Right 
along the middle of the river the apex of the curve pushes 
its way backwards, cutting along the contre a deep and 
comparatively narrow groove, and draining the sides as it 
passes them.' Hence the remarkable discrepancy between 
the widths of the Niagara above and below the Horseshoe 
All along its course, from Lewiston Heights to its present 
position, the form of the fall was probably that of a horse 


1 Tn the disconren the excavation of tho contre and dmingge ot tho widen 
‘xelion war iMlasteated by a modal devised by my ssristant, Mr. Jobo 
Control, 
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shoo ; for this is moroly the expression of the greator dept, 
and consequently greater excavating power, of 

of theriver. The gorge, moreover, varies in a 
depth of the centre of ibis anclini tives! wari 
narrowest where that depth was greatest. . 

Tn vast comparative exealpa cotaey ef ABSSERERE 
Fall comes strikingly into view when it and the American 
upper river is cub at a right angle by the gorge of the 
Niagara. Here the Horseshoe Fall was the real excavator, 
It cut the rock, and formed the precipice, over which the 
American Falltumbles. But since its formation, the ero- 
sive action of the American Fall has been almost sil, 
while the Horseshoe has cut its way for 600 yards across 
the end of Goat Island, and is now doubling back toex- 
cavate its channel parallel to the length of the island, 
‘This point, which impressed me forcibly, has not, I have 
just Iearned, escaped the acute observation of Professor 
Ramsay.' The river bends; the Horseshoe immediately ao~ 
commodates itself to the bending; and will follow implicitly 
the direction of the deepest water in the upper stream, 
‘The flexibility of the gorge, if I may use the term, is de~ 
termined by the flexibility of the river channel above it, 
Were the Niagara centre above the fall sinuous, the gorge 
would obediently follow its sinuosities. Once suggested, no 
doubt geographers will be able to point out many examples. 
of this action. The Zambesi is thought to present a great 
difficulty to the erosion theory, because of the sitmosity 
of the chasm below the Victoria Falls. But, assaming the 
basalt to be of tolerably uniform texture, had the river 


1 His words are ‘Where tho body of wator in emall in the American 
Pall, tho edge hns otly receded « few yards (where most eroded) during the 
time that the Caundinn Foil bas receded from the north cornet of Gost 
Inland to the innermost curve uf the Horsuabioc Fall’ —Querferly Journal 
af Ceelogioal Seetety, May 1809. 
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been examined before the formation of this sinuous channel, 
the present sigang course of the gorge below the fall conld, 
Jam persuaded, have been predicted, while the sounding 
‘of the present river would enable us to predict the course 
to be pursued by the erosion in the future. 

But not only bas the Niagara River eut the gorge; it 
has carried away the chips of its own workshop. The 
shale, being probably crumbled, is easily carried away. 
But at the base of the fall we find the huge bouldors 
already deseribed, and by some means or other these aro 
removed down the river. The ice which fills the gorge in 
winter, and which grapples with the boulders, has been 
regarded as the transporting agent. Probably it is so to 
some extent. But erosion acts without ceasing on the 
abutting points of the boulders, thus withdrawing their 
support and urging them gradually down the river. So 
lution also does its portion of the work. That-solid matter 
is carried down is proved by the difference of depth between 
the Ningara River and Lake Ontario, where the river enters 
it, The depth falls from 72 fect to 20 foot, in consequence 
of the deposition of solid matter caused by the diminishod 
motion of the river.' 

The accompanying highly instructive map has been 
reduced from one published in Mr, Hall's “Geology of 
New York.’ It is basod on surveys executed in 1842, by 
Mesirs. Gibson and Evershéd. The ragged edge of the 
American Fall north of Goat Island marks the amount of 
erosion which it bas been able to accomplish, while the 
Horreshoe Fall was cutting its way eouthward across the 
end of Goat Island to ite prosent position. ‘The American 
Fall is 168 feet high, a precipice cut down, not by itself, 
but by the Horseshoe Fall. The latter in 1842 was 169 
feet high, and, as shown by the map, ix already turning 

* Nowe tho mouth of the gorge at Queenston, the depth, accanting to 
the Admiralty Chart, ix 180 foet ; woll within the gorge it ts 182 foot. 
18 
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eastward, to excavate its gorge along the centre of the 
upper river. P is the apex of the Horseshoe, and 7 marks 
the site of the Terrapin Tower, with the promontory ad- 
jacent, round which I was conducted by Conroy. Pro- 
bably since 1842 the Horseshoe has worked back beyond the 
position here assigned to it. 

In conclusion, we may say a word regarding the proxi- 
mate future of Niagara. At the rate of excavation assigned 
to it by Sir Charles Lyell, namely, a foot a year, five thou- 
sand years or 80 will carry the Horseshoe Fall far higher 
than Goat Island. As the gorge recedes it will drain, as 
it has hitherto done, the banks right and left of it, thus 
leaving # nearly level terrace between Goat Island and the 
edge of the gorge. Higher up it will totally drain the 
American branch of the river; the channel of which in 
due time will become cultivable land. The American 
Fall will then be transformed into a dry precipice, forming 
a simple continuation of the cliffy boundary of the Niagara. 
‘At the place occupied by the fall at this moment we shall 
have the gorge enclosing a right angle, a second whirlpool 
being the consequence of this. To those who visit Niagara 
a few millenniums hence I leave the verification of this 
prediction. All that can be said is, that if the causes now 
im action continue to act, it will prove itself literally true. 
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VII. 
LIFE AND LETTERS OF PARADAY, 
1870. 


ERTAKEN and exccuted in a reverent and loving 
spirit, the work of Dr. Benco Jonoa makes Faraday 
the virtual writar of his own life, Everybody now knows 
the story of the philosopher's birth ; that his father was a 
smith; that he was born at Newington Butts in 3791; 
that he ran along the London ‘pavements, a brighteyed 
errand boy, with a load of brown curls upon bis head and 
a packet of newspapers under his arm; that the lads 
master was 0 bookseller and bookbinder—a kindly man, 
who became attached to the little fellow, and in due time 
made him his apprentice without fee; that during bis 
apprenticeship he found his appetite for knowledge pro- 
voked and strengthened by the books he stitched and 
covered. Thus he grew in wisdom and stature to his 
year of legal manhood, when he appears in the volumes 
before us asa writer of letters, which reveal his ocoupas 
tion, acquirements, and tone of mind, His correspondent 
was Mr. Abbott, a member of the Society of Friends, who, 
with a forccast of his correspondont’s greatness, prosorved 
his letters and produced them at the proper time, 

In later years Faraday always carried in his pocket a 
Blank curd, on which he jotted down in pencil his thoughts 
‘and memoranda, He made his notes in the laboratory, in 
the theatre, and in the streets. This distrust of bis 
memory reveals itself in his first letter to Abbott. To a 
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proposition that no new enquiry should be started between 
them before the old one had been exhaustively discussed, 
Faraday objects. ‘Your notion, he says, <I can hardly 
allow, for the following reagon : ideas und thoughte spring 
up in my mind which are irrevocably lost for want of 
noting at the time.’ Gentle as he seemod, he wished to 
have his own way, and he bad it throughout his life. 
Differences of opinion sometimes arose hetween the two 
friends, and then they resolutely faced each other. ‘I ac 
cept your offer to fight it out with joy, and shall in tho 
battle of experience cause not pain, but, I hope, pleasure.’ 
Farday notes his own impetuosity, und incessantly checks 
it. There is at times something mechanical in his self 
restraint. In another nature it would have hardened into 
mere ‘correctness’ of conduct ; but his overflowing affcc~ 
tions prevented this in his case. ‘Tho habit of self-control 
became a second nature to him at last, and lent serenity 
to his Inter yoars. 

Tn October 1812 he was engaged by a Mr. De la 
Roche as a journcyman bookbinder; but the situation did 
not suit him. His master appears to have been an aus 
tere and passionate man, and Faraday was to the last 
degree sensitive, All his life he continued so, He suf- 
fered at times from dejection; and a certain grimness, too, 
pervaded his moods. * At present,’ he writes to Abbott, ¢ 1 
um as serious as you can be, and would not scruple to 
speak a truth to any human being, whatever repugnance 
it might give rise to. Being in this state of mind, I 
should havo refrained from writing to you, did I not con- 
ceive from the general tenor of your letters that your 
mind is, at proper times, occupied upon serious subjects 
fo the exclusion of those that are frivolous.’ Plainly 
he had fallen into that stern Puritan mood, which not 
only erucifies the affections and lusta of him who har- 
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‘This was bis desire to see facts, and not to rest contented 
with the descriptions of them. He frequently pits the 
eye against the ear, and affirms the enormous superiority 
of the organ of vision. Late in life I have heard him say 

| that he could never fully understand an experiment until 
he had seen it. But he did not confine himself to experi~ 
ment. He aspired to be m teacher, and reflected and 
wrote upon the method of scientific exposition. *A leo= 
turer,’ he observes, ‘should appear easy and collected, un« 
daunted and unconcerned :’ still ‘his whole behaviour 
should evince respect for his audience,’ These recommend- 
ations were afterwards in great part embodied by himself. 
I doubt his ‘unconcern,’ but his feurlessness was often 
manifested. [t used to rise within him as a wave, which 
carried both him and his audience along with it. On rare 
occasions also, when he felt, hiraself and his subject hopex 
lesly unintelligible, he suddenly evoked a certain reckless 
nees of thought, and, without halting to extricate his bewil- 
dered followers, be would dash alone through the jungle 
into which he had unwittingly led them; thus saving 
them from ennui by the exhibition of a vigour whieh, for 
the time being, they conld neither share nor comprehend. 
Tn October 1813 he quitted England with Sir Hum 
phry and Tady Davy. During his absence he kept a 
journal, from which copious and interesting extracts have 
been made by Dr. Benco Jones. Davy was considerate, 
preferring at times to be his own servant rather than im- 
pore on Faraday duties which he disliked. But Lady 
Davy was the reverse. She treated him as an underling ; 
he chafed under the treatment, and was often on the point 
of returning home. They halted at Geneva. De la Rive, 
the elder, had known Davy in 1799, and, by his writings in 
the * Bibliothéque Britannique,’ had been the first tomake 
the English chemist’s labours known ebroad. He wel- 
comed Davy to bis country residence in 1814. Both wore 
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la Rive charged his own, Once the Genevese philosopher 
found himself by the side of Farnday, and in Isis frunke 
and genial way entered into conversation with the young: 
man. It was evident that a person possessing such a 
chan of manner and such high intelligence could be no 
mere servant, On enquiry De la Rive was somewhat 
shocked to find that the soi-disant domestique was really 
préparateur in the laboratory of the Royal Institution 3 and 
he immediately proposed that Faraday thenceforth should 
join the masters instosd of the servants at their meala 
To this Davy, probably out of weak deference to his wif, 
objected; but an arrangement was come to that Knraday 
thenceforward should baye his food in his own room. 
Rumour states that a dinner in honour of Faraday was 
given by De la Rive. This is a delusion; there wns mo. 
such banquet; but Faraday never forgot the kindness of 
the friend who saw his merit when he was a mere garpon 
de laborataire.4 - 
He returned in 1815 to the Royal Institution. Here 
he helped Davy for years; he worked also for himself, and. 
lectured frequently at the City Philosophical Society. 
He took lessons in elooution, happily without damage to 
his natural foree, earnestness, and grace of delivery. He) 
was never pledged to theory, and he changed in opinian 
as knowledge advanced, With him life was growth. In 
those early lectures we hear bim say, ‘In knowledge, that 
man only is to be contemned and despised who is not in a. 
| While confined last autumn at Gonem try tho ffeets of = fall Gn the 
Alps, my friends, with » kindnove I ean never forgets did all that 
could auggest to render my eaptivity pleasant to ma. M. do la Rive thet 
‘wrote out for me the full aocount, of which tho foregoing in = comdensed 
abutract. IL wan at the desire of Dr. Bence Jones thot 1 take hiss to a 


so. Tho rumour of a banquet nt Genera illustrates the todeney to sab 
stitute for the youth of 1814 th Famday of later years. 
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state of transition.’ And again: Nothing is more diffi- 
eult and requires more caution than philosophical deduc- 
tion, nor is there anything more adverse to its accuracy 
than fixity of opinion.’ Not that he was wafted about by 
every wind of doctrinc; but that he united flexibility 
with his strength. In striking contrast with this intel- 
lectual expansiveness was his fixity in religion, but this is 
n subject whieh cannot be disonssed here. 

OF all the letters published in these volumes none 
possess a greater charm than those of Faraday to his wife. 
Here, as Dr. Bence Jones truly remarks, ‘he laid 
open all his mind and the whole of his character, and 
‘what can be made known can scarcely fail to charm ovory 
one by its loveliness, its truthfulness, and ite earnestness.’ 
Abbott and he sometimes swerved into word-play about 
love; but up to 1820, or thoreabouts, the passion waa 
potential merely. Faraday’s journal indeed contains en« 
tries which show that he took pleasure in the assertion of 
his contempt for love; but these very entries became 
links in his destiny. It was through them that he 
became acquainted with one who inspired him with a 
feeling which only ended with his life. His biographer 
hos given us the means of tracing the varying moods 
which preceded his acceptance. They reveal more than 
the common alternations of light and gloom; at one 
moment: he wishes that his flesh might melt and he be- 
come nothing; at another he is intoxicated with hope. 
The impetuosity of his character was then unchastened by 
the discipline to which it was subjected in after-years. 
The very strength of his passion proved for a time » bar 
to its advance, suggesting, as it did, to the conscientious 
mind of Miss Barnard, doubts of ber enpability to return 
it with adequate force. But they mot again and again, 
and at each sneceasive meeting he found his heaven 
clearer, until at length he was able to say, ‘Not o 
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moment's alloy of this evening's happiness ocurred. 
Everything was delightful to the last moment of my stay 
with my companion, becanse she was so.” ‘The turbulence 
of doubt subsided, and a calm and elevating confidence 
took its place, ‘What can I call myself, he writes to her 
in a subsequent letter, ‘to convey most perfectly my afffec- 
tion and love for you? Can I or can truth ssy more than 
that for this world I am yours?’ Assuredly le made his 
profession good, and no fairer Light falls upon thie eba- 
racter than that which reveals his relations to his wife 
Never, I believe, existed a manlier, purer, steadier love. 
Like a burning diamond, it continued to shed, for sixand- 
forty years, its white and smokeless glow. 

Furaday was married on June 12, 1821; and up to 
this date Davy appears throughout as his friend. Soom 
afterwards, however, disunion oceurred between them, 
which, while it Instod, must havo given Faraday intense 
pain. It is impossible to doubt the honesty of conviction 
with which this subject has been treated by Dr. Bence 
Jones, and there may be facts known to him, but nob sp 
pearing in these volumes, which justify his opinion that 
Dayy in those days hnd become jealous of Faraday. ‘This, 
which is the prevalent belief, is also reproduced in aa | 
excellent article in the March number of ‘Fmser’s Mage: | 
zine.’ But the best analysis [ can make of the data Exile 
to present Davy in this light to me, The faets, ag T regard 
them, ure briefly these. 

In 1820, Ocrsted of Copenhagen made the celebrated 
discovery which connects clectricity with magnetism, and 
immediately afterwards the acute mind of Wollaston per 
ceived that a wire carrying a current ought to rotate 
round its own axis under the influence of a magnetic pole. 
In 1821 he tried, but failed, to realise this result in the 
Iuboratory of the Roynl Tustitution. Faraday was mot 
present at the moment, but he came in immediately after- 
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wards and heard the conversation of Wollaston and Davy 
about the experiment. He had also heard a rumour of a 
wager that Dr. Wollaston would eventually succeed. 

This was in April. In the autumn of the same year 
Faraday wrote a history of electro-magnetism, and repeated 
for himself the experiments which he described. It was 
while thus instructing himself that he succeeded in causing 
a wire, carrying an electric current, to rotate round a mag~ 
netic pole. This was not the result sought by Wollaston, 
‘but it was closely related to that result. 

‘The strong tendency of Faraday’s mind to look upon 
the reciprocal actions of natural forees gave birth to his 
greatest discoveries; and we, who know this, should be 
justified in concluding that, even had Wollaston not pre 
ceded him, the result would have been the same. But in 
judging Davy we ought to transport ourselves to his time, 
and carefully exclude from our thoughts and feelings that 
noble subsequent life, which would render simply impos- 
sible the aseription to Faraday of anything unfair. It 
would be unjust to Davy to put our knowledge in the 
place of his, or to credit him with data which he could 
not have possessed, Rumour and fact had connected the 
name of Wollaston with these supposed interactions 
between magnets and currents. When, therefore, Faraday 
in October published his successful experiment, without 
any allusion to Wollaston, general, though really un- 
grounded, criticism followed. I say ungrounded because, 
firstly, Forday's experiment was not that of Wollaston, 
and secondly, Faraday, before he published it, had actually 
enlled upon Wollaston, and not finding him at home did 
not feel himeelf authorised to mention his name. 

In December, Furaday published a second paper on the 
yame subject, from which, through a misapprehension, 
the name of Wollaston was also omitted. Warburton and 
others thereupon affirmed that Wollaston’s ideas had been 
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I am inclined to think that it was 
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the mere assistant stage, and become a discoverer. It is 
now hard to avoid magnifying this error. But had Fara- 
day died or censed to work at this time, or had his subse- 
quent life been devoted to moncy-gotting, instead of to 
research, would anybody now dream of ascribing jealousy 
to Davy? Assuredly not. Why should ho bo joaloua? 
His reputation at this time was almost without a parallel: 
his glory was without a cloud. He had added to his other 
discoveries that of Faraday, and after having been his 
teacher for seven years, his language to him was this: ‘Te 
gives me great pleasure to hear that you are comfortable 
at the Roya! Institution, and I trust that you will not 
only do something good and honourable for yourself, but 
alo for ecience,”’ hie is not the language of jealousy, 
potential or actual. But the chlorine business introduced 
irritation and anger, to which, and not to any ignobler 
motive, Davy’s opposition to the election of Furnday to 
the Royal Society is, I am persuaded, to be ascribed. 
‘These matters are touched upon with perfect caudour, 
and becoming consideration, in the volumes of Dr, Bence 
Jones; but in ‘ society” they are not always so handled. 
Here a name of noble intellectual associations is surrounded 
by injurious rumours which I would willingly seatter for 
ever. Tho pupil's magnitude, and the splendour of his 
position, are too great and absolute to need as a foil the 
humiliation of hix master. Brothers in intellect, Davy and 
Faraday, however, could never have become brothers in 
feeling ; their characters were too unlike. Davy loved the 
pomp and circumstance of fume; Faraday the inner con- 
sciousness that he had fairly won renown. They were 
both proud men. But with Davy pride projected itsolf 
into the outer world; while with Faraday it became a 
steadying and dignifying inward force. In one great par- 
ticular they agreed. uch of them could have turned his 
science to immense commercial profit, but neither of them 
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The first volume of the ‘ Life « 
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of pure experimental enquiry, had previously been 
achieved. 

Electricities from various sources were next examined, 
and their differences and resemblances revealed. He thus 
assured himeelf of their substantial identity, He then 
took up Conduction, and gave many striking illustrations 
of the influence of Fusion on Conducting Power. Re- 
nouneing professional work, from which at this time he 
might have derived an income of many thousands a year, 
he poured his whole momentum into his researches. He 
was long entangled in Electro-chemistry. The light of 
Jaw wes for a time obscured by the thick umbrage of novel 
facte; bat he finally emerged from his researches with 
the great principle of Definite Electro-chemical Decom- 
position in his hands. If his discovery of Magnoeto-elec- 
tricity may be ranked with that of the Pile by Volta, this 
new discovery may almost stand beside that of Definite 

Proportions in Chemistry. He passed on to 
Btatic Electricity—its Conduction, Induction, and Mode 
of Propagation. He discovered and illustrated the prin- 
ciple of Inductive capacity ; and, turning to theory, he 
asked himself how electrical attractions and repulsions are 
transmitted. Are they, like gravity, actions at a distanco, 
or do they require a medium? If the former, then, like 
gravity, they will act im straight lines; if the latter, then, 
like sound or light, they may turn a corner. Farnday 
held—and his views aro gaining ground—that his experi- 
ments proved the fact of curvilinear propagation, und 
hence the operation of a medium. Others denied this; 
‘but none can deny the profound and philosophic character 
‘of his leading thoughts! ‘The first volume of the Researches 
contains all tho papers bere referred to, 
4 In a very remarkable paper published in Poggendorff"s *Annalen" for 
1867, Wernur Siomons accopts and dovelops Furaday's theory of Molcoular 
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of natural science doubtless is 
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them, in other words, mathemat 
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against the foregoing statement by 
tions ‘Experimental Researches 
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The third volume of the Researches opens with a 
memoir entitled ‘The Magnetisation of Light, and the 
Illumination of Magnetic Lines of Force.’ It is difficult 
even now to affix a definite meaning to this title ; but the 
discovery of the rotation of the plane of polarisation, which 
it announced, seems pregnant with great results. The 
writings of William Thomson on the theoretio aspects of 
the discovery; the excellent electrodynamic measure- 
mente of Wilhelm Weber, which are models of experi- 
mental completeness and skill ; Weber’s labours in con- 
junction with his lamented friend Kohlrausch—above all, 
the researches of Clerk Maxwell on the Electro-magnetic 
Theory of Light—point to that wonderful and mysterious 
medium, which is the vehicle of light and radiant heat, as 
the probable basis also of magnetic and electric phenomena, 
The hope of such a connection was first raised by the 
discovery here referred to.' Faraday himeelf seemed to 
cling with particular affection to this discovery. He felt 
that there was more in it than he was ableto unfold. He 
predicted that it would grow in meaning. with the growth 
of science. This it has done; this it is doing now. Its 
right interpretation will probably mark an epoch in scien- 
tific history. 

Rapidly following itis the discovery of Diamagnetism, 
or the Repulsion of Matter bya magnet. Brugmans had 
shown that bismuth repelled a magnetic needle. Here he 
stopped. Le Bailliff proved that antimony did the same. 

"A letter addressed to me by Professor Weber on March 18 last 
contains the following reference to the connection here mentioned: ‘Die 
‘Hoffnung einer solchen Combination ist durch Faraday’s Entdeckung der 
Drehung der Polarisationsebene durch magnetische Directionskraft zuerst, 
und sodann durch dio Uebereinstimmung derjenigen Geschwindigkeit, 
welche dan Verhiiltniss der electro-dynamivchen Einheit zur electro-sta- 
tischen ausdriickt, mit der Geschwindigkeit des Lichts angeregt worden ; 
‘und mir scheint von allen Versuchen, welche zur Verwirklichung diesor 


Hoffhung gemacht worden sind, das von Hern Maxwell gemachte am 
erfolgreichaten, 
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pleased. The packet 
‘filled hopes which spring up in the mind of fertile investi- 
gators — 

©Go on and prosper, “ from strength to strength,” like 
a Victor marching with assured atop to further conquests ; 
and be cortain that no voice will join more heartily in the 
peans that already bogin to rise, and will spoodily swoll 
into a shout of triumph, astounding even to yourself, than 
that of J. B. W. Herschel.” 

Furaday’s behaviour to Melloni in 1836 merits a word 
efnoticn, The young man was a political exile in Paris. 
‘Me had newly fashioned and applied the thermo-clectric 
pile, and had obtained with it results of the greatest 
But they were not appreciated. With the 
sickness of dimppointed hope Melloni waited for the 
report of the Commissioners, appointed by the Academy 
of Sciences to examine his labours. At length he published 
his researches in the * Annales de Chimie.’ They thus 
fell into the bands of Faraday, who, discerning at once 
their extraordinary merit, obtained for their author the 
‘Rumford Medal of the Royal Socisty. A sum of money 
always accompanies this medal; and the pecuniary kelp 
was, at this time, even more cssential than the mark of 
honour to the young refugee. Melloni’s gratitude was 
boundless — 

* Et vous, monsieur,’ he writes to Faraday, ‘qui appar- 
tonen &/tine société A Laquelle je n'avais rien offert, vous 
qui me connaissies A peine de nom; vous n’aves pas 
demandé si favais des ennemis faibles ou puissante, ni 
ealeulé quel en était le nombre; mais vous aves parlé 
pour Popprimé étranger, pour celui qui n’avait pax le 
ineindre droit & tant de bienveillance, et vos paroles ont 
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for his reticenca, but they are to meu WD: 
Tn 1841 his health broke down | tie 
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tints of the Jungfrau, the “blue rifts of tho g 
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me upon the charming little scrap which I have else- 
there quoted: *Clout-nail making goes on here rather 
‘idorably, and is a vory neat and pretty operation to 
rve, I love a smith's shop and anything relating to 
nithery. My father was a smith.” ‘This is from his 
but he is unconseiously speaking to somebody— 
erhaps to the world. 

His descriptions of the Staubach, Giesbach, and of 
the scenic effects of eky and mountain, are all fine and 
| sympathetic. But amid it all, and in reference to it all, 
he tolls his sister that ‘true enjoyment is from within, not 
from without! In those days Agassiz was living under a 
‘slab of gneiss on the glacier of the Aar. Faraday met 
Forbes at the Grimsel, and arranged with him an exeur~ 
sion to the * Hotel des Neufchitelois ;° but: indisposition 
put the project out. 

From the Fort of Ham, in 1843, Faraday received a 
letter addressed to him by Prince Louis Napoleon Bona- 
parte. Ho read this lotter tome many years ago, and 
the desire, shown in various ways by the French Emperor, 
to turn modern science to secount, has often reminded 
me of itsince. At the age of thirty-five the prisoner of 
Ham speaks of ‘rendering his captivity Iose mad by 
studying the great discoveries’ which science owes to 
Famday; and he asks a question which reveals bis east 
‘of thought at the time: * What is the most simple com- 
bination to give to a voltaic battery, in order to produce 
a spark capable of setting fire to powder under water or 
under ground?’ Should tho necessity arise, the French 
Emperor will not lack at the outset the best appliances of 
modern science; while we, I fear, shall have to learn the 
magnitude of the resources we are now neglecting amid 
the pangs of actual war.! 

¥ The ‘signco" as vince been applied, with aatoninhing effect, by thooa 
‘who liad studio it fir mors thoroughly then the Exuperor of the French, 
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hall, and I have now returned to my 

Yon she prasad ap hg 
Nothing rests me so much as communion 
hal via Gar 'a: Linnea scaled 


words aloud as I write them.’ 
‘Take this, moreover, aa indicative of h 
Nature: 

«After writing, I walk out in the 








eddies of his blood and in the tremors of his brain; and, 
however its outward and visible form might have changed, 
Faraday would “still have possessed its elemental fous 
stituente—awe, reverence, truth, and love, 
Yt is. worth enquiring how so profoundly religious a 
mind, and xo great a tencher, would be likely to regard 
our present discussions on the subject’ of education. 
Famday would be a ‘secularist’ were he now alive. He 
had no sympathy with those who contemn knowledge 
unless it be accompanied by dogma. A lecture delivered 
betore the City Philosophical Socicty in 1818, when he 
‘was twenty-six years of age, expresses the views regarding 
education which he entertained to the end of his life. 
| “First then,’ he says, ‘all theological considerations are 

banished from the society, and of course from my remarks ; 
and whatever I may say has no reference to a future state, 
orto the means which are to be adopted in this world 
in anticipation of it. Next, 1 have no intention. of 
substituting anything for religion, but I wich to take 
that part of human nature which is independent of it, 
_ Morality, philosophy, commerce, the various institutions 
* and habits of society, are independent: of religion, and may 
exist either with or without it, They are always the 
same, and can dwell alike in the breasts of those who, 
from opinion, are entirely opposed in the set of principles 
they include in the term religion, or in thov who have 
none, 

*To discriminate more closely, if possible, I will ob- 
serve that we have no right to judge religious opinions; 
‘but the buman nature of this evening is that part of man 
which we have a right to judge. And I think it will be 
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Among my old papers I find the 
one of my earliest dinners with Faraday: * At 
he came down for mo. He, his nicce, and my 
the party. “I never give dinners,” he exid. 
know how to give dinners, and [never dine out. 
should not like my friends to attribute this ay 
cause. Tact thus for the sake of securing time for w 
aud not through religious motives, as some in 
He said grace. I om almost) ashamed to call his prayer a 
“saying of grace.” In the language of Scripture, it might 
bo described as the petition of a son, into whose heart 
God had gent the Spirit of His Son, and who with abso- 
lute trust askod a blessing from his father. We dined on 
roast. beef, Yorkshire pudding, and potatoes; drank 
sherry, talked of research and its requirements, and of 
his habit of keeping himself free from the distractions of 
society. He was bright and joyful—boylike, in fet, 
though he is now sixty-two. His work excites admiration, 
but contact with him warms and elevates the heart. 
Here, surely, is a strong man. I love strength; but let 
me not forget the example of its union with | 
tenderness, and sweetness, in the character of Faraday.’ 

Faraday’s progress in diseovery, and the salient points 
of his character, are well brought out by the wise choice 
of letters and extracts published in these volames. I will 
not call the labours of the biographer final. So great 
character will challenge reconstruction. In the coming 
time some sympathetic spirit, with the requisite strongth, 
knowledge, and eolvent power, will, I doubt not, render 
these materials plastic, give thom more perfect organic 
form, and send through therm, with Jest of interruption, 
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the currents of Faraday’s life. ‘He was too good a man,’ 
writes his present biographer, ‘for me to estimate rightly, 
and too great a philosopher for me to understand 
thoroughly.’ That may be: but the reverent affection to 
which we owe the discovery, selection, and arrangement 
of the materials here placed before us, is probably a surer 
guide than mere literary skill. The task of the artist 
who may wish in future times to reproduce the real 
though unobtrusive grandeur, the purity, beauty, and 
childlike simplicity of him whom we have lost, will find 
his chief treasury already provided for him by Dr. Bence 
Jones's labour of love. 


u 
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Niger ccesd ago Electro-magnetism was looked to as 
a motive power, which might possibly compete with 
steam. In centres of industry, such as Manchester, at 
tempts to inveetigate and apply this power were numerous 
‘This is shown by the scientific literature of the time 
Among others Mr, James Prescot Joule, a resident of Man~ 
chester, took up the subject, and, in a series of papers pub- 
lished in Sturgeon’s * Annals of Electricity’ between 1889 
and 1841, described various attempts at the construction 
and perfection of electro-magnetic engines. The spiritin 
which Mr. Joule pursued these enquiries ix revealed in the 
following extract : §1 am particularly anxious? be says, 
* to communicate any new arrangement in order, if possi- 
ble, to forestall the monopolising designs of there who 
seem to regard this most interesting subject merely in the 
light of pecuniary speculation.’ He was naturally Jed to 
investignte the laws of electro-magnetic attractions, 
and in 1840 he announced the important principle that 
the attractive force exerted by two electro-magnets, ar by 
nn cleetro-magnet and a mass of annealed iron, is directly 
proportional to tho equare of the strength of the magnet- 
ising current; while the attraction exerted between an 
electro-magnot and the pole of s permanent steel magnet, 
varies simply as the strength of the current. These 
investigations were coniucted independently of, though a 
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little subsequently to, the celebrated onquiries of Henry, 
Jacobi, and Lenz and Jacobi, on the same subject. 

On December 17, 1840, Mr. Joule communicated to 
the Royal Society a paper on the production of heat 
by Voltaic electricity. In it he announced ‘the law that 
the calorific effects of equal quantities of transmitted 
electricity are proportional to the resistance overcome 
‘by the current, whatever may be the length, thiclnoss, 
shape, or character of the metal which closes the cir- 
cuit; and also proportional to the square of the quantity 
of transmitted electricity. This is a law of primary 
importance. In another paper, presented to, but de- 
clined by, the Royal Society, he confirmed this law by 
new experiments, and materially extended it. THe also 
executed experiments on tho heat consequent on the 
passage of Voltaic electricity through electrolytes, and 
found, in all cases, that the heat evolved by the proper 
action of any Voltaic current is proportional to the 
square of the intensity of that enrrent, multiplied by the 
resistance to conduction which it experiences. From 
‘this law he deduced a number of conclusions of the 
highest importance to electrochemistry. 

It was during these enquiries, which are marked 
throughout by rare sagacity and originality, that the great 
idea of establishing quantitative relations between Mo- 
chanical Energy and Heat arose and assumed definite form 
in hig mind. In 1843 Mr, Joule read bafore the meeting 
of the British Association at Cork a paper ‘On the Calorifie 
Effects of Magneto-Electricity, and on the Mechanical 
Value of Heat.’ Even at the present day this memoir 
is tough rending, ond ot the time it was written it must 
have appeared hopelessly entangled. This, I should 
think, was the reason why Farday advised Mr. Joule 
not to submit the paper to the Royal Society. But its 
drift and results are summed up in these memorable 
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of the currents of induction through its coils; m 

other hand, that the motive power of the 

engine is obtained at the expense of the hent, dua to the 
chemical reaction of the battery by which it is 
Sie hie ee et 
thia statement. 

Considering the imperfections incidental to a fint 
determination, it is not surprising that the * 
values of heat,’ deduced from the different series of ox- 
periments published in 1843, varied widely from each 
other. ‘The lowest limit was 687, and the highest 1,026 
foot~pounds, for 1° Fahr. of temperature, 

One noteworthy result, of his enquiries, which was 
pointed ont at the time by Mr, Joule, had reference 
to the exceedingly small fraction of the heat setually 
converted into useful effect in the steam-engine. The 
thoughts of the celebrated Julius Robert Mayer, who 
was then engaged in Germany upon the sime guestion, 
had moved independently in the same groove; but to hia 
labours due reference will be made on a future ocea- 
sion” In the memoir now referred to, Mr. Joule also 
announced that he had proved heat to be evolved 
the pnssage of water through narrow tubes; and he 
deduced from theso experiments an equivalent of 770 
foot-pounds, a figure remarkably near the one now ac- 
cepted. A detached statement regarding the origin aud 
convertibility of animal heat strikingly illustrates the 
penetration of Mr. Joule, and his mastery of principles, at 
the period now referred to. A friend had mentioned to 


+ Phil. Mag, May, 1845. * Seo the next Fragment. 
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from the friction of the blood in the’ veins and arteries. 
“Tt ix unquestionable,’ writes Mr. Joule, *that heat is 
produced by such friction; but it must be understood that 
the mechanical force expended in the friction is a part of 
the force of affinity which causes the venous blood to unite 
with oxygen, go that the whole heat of the system must 
atill be referred to the chemical changes. But if the 
animal were engaged in turning a piece of machinery, or 
in ascending 2 mountain, I apprehend that in proportion 
to the muscular effort put forth for the purpose, a dimi- 
nution of the heat evolved in the system by a given 
chemical action would be experienced? The italies in 
this memorable passage, written, it is to be remembered, 
in 1843, are Mr. Joule’s own. 

‘The concluding paragraph of this British Associntion 
paper equally illustrates his insight and precision, regard- 
ing the nature of chemical and latent heat. *I had,’ he 
writes, ‘endeavoured to prove that when two atoms 
combine together, the heat evolved is exactly that which 
would have been evolved by the electrical current due 
to the chemical action taking place, and is therefore pro~ 
portional to the intensity of the chemical force causing 
the atoms to combine. I now venture to state more 
explicitly, that it is not preciecly the attraction of affinity, 
‘but rather the mechanical force éxpended by the atoms in 
falling towards one another, which determines the in- 
tensity of the current, and, consequently, the quantity of 
heat evolved; so ‘that we have a simple hypothesis by 
which we may explain why heat is evolved so freely in 
the combination of gases, and by which indeed we may 
account “latent heat” as a mechanical power, prepared 
for action, as a watch-spring is when wound up. Suppose, 
for the sake of illustration, that 8 lbs. of oxygen and 
1 lb. of hydrogen were presented to one snothor in the 
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made Mr. Joule completely master of the conditions es 
sential to accuracy and success, Bringing his ripened 
experience to bear upon the subject, he exccuted in 1849 
aseries of 40 experiments on the friction of water, 50 
experiments on the friction of mercury, and 20 experi~ 
ments on the friction of plates of cast-iron. He deduced 
from these experiments our present mechanical equivalent 
wf heat, justly recognised all over the world «4 ¢Joule’s 
equivalent.’ 

Thero are labours so great and so pregnant in conse- 
quences, that they are most highly praised when they are 
moet simply stated. Such aro the labours of Mr. Joule. 
‘They constitute the experimental foundation of a principle 
ef incalculable moment, not only to the practice, but still 
more to the philosophy of Science, Since the days of 
Newton, nothing more important than the theory, of 
which Mr. Joule is the experimental demonstrator, has 
been enunciated. 

Ihave omitted all reference to the numerous minor 
papers with which Mr. Joule has enriched scientific litera 
ture. Nor have I alluded to the important investigations 
which he has conducted jointly with Sir William Thom- 
son. But sufficient, I think, has been here said to show 
that, in conferring upon Mr. Joule the highest honour of 
the Royal Society, the Council paid to genius not only a 
well-won tribute, but one which had been fairly earned 
twenty years previously. 
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R. JULIUS ROBERT MAYER was educated for the 
medical profession. In the summer of 1840, as be 

himself informs us, he was at Java, and there observed that 
tho venous blood of some of his patients had a singularly 
bright red colour. The observation riveted his attention; 
he reasoned upon it, and came to the conclusion that the 
brightness of the eclour was dus to the fact that a les 
amount of oxidation sufficed to keep up the temperature 
of the body in a hot climate than ina cold one. ‘Ths 
darkness of the Mpeintupneesevariepyssabense 8 
sign of the energy of the oxidation. 

Tr woold ‘be vaivinl to renevkidhat aeddiakelaegeian 
this, appealing to minds prepared for them, have often 
led to great discoveries, Mayer's attention was 
drawn to the whole question of animal heat. Lavoisier 
had ascribed this heat to the oxidation of the food. “One 
great principle) says Mayer, ‘of the physiological theory 
of combustion, is that under all cireumstances the same 
amount of fuel yields, by ite perfect combustion, the same 
amount of heat; that this law holds good even for vital 
processes ; and that hence the living body, notwithstand~ 
ing all its enigmas and wonders, is incompetent to gonerate 
heat out of nothing? 

But beyond the power of generating internal heat, the 
animal organism can also generate heat outside of itself. 


a 








A blacksmith, for example, by hammering can heat a nail, 
and a savage by friction can warm wood to its point of 
ignition. Now, unless we give up the physiological axiom 
that the living body cannot create heat out of nothing, 
«we are driven, says Mayer, ‘to the conclusion that it is 
the total heat generated within and without that is to be 
regarded an the trac calorific effect of the matter oxidised 
in the body? 

From this, again, he inferred that’the heat generated 
externally must stand in a fixed relation to the work 
expended in its production, For, supposing the organics 
processes to remain the same; if it wore possible, by the 
mere alteration of the apparatus, to generate different 
amounts of heat by the sume amount of work, it would 
follow that the oxidation of the same amount of -material 
would sometimes yield a less, sometimes a greater, 
quantity of heat. ‘Hence,’ says Mayer, ‘that a fixed 
relation subsists between heat and work, is a postulate of 
the ‘physiological theory of combustion.” 

» This is the simple and natural account, given subeo- 
quently by Mayer himself, of the course of thought started 
by his observation in Java. But the conviction once 
formed, that an unalterable relation subsists between work 
and heat, it was inevitable that Mayer should seck to 
express itinumerically. It was also inevitable that a mind 
like’hix, having taised itself to clearness on this important 
point, should pus forward to consider the relationship of 
natural foroes generally. At the beginning of 1842 his 
work had made considerable progress ; but he had become 
physician to the town of Heilbronn, and the duties of his 
profession limited the time which he could devote to 
purely scientific enquiry. He thought it wise, therefore, 
to secure’ himself against) accident, and in the spring of 
1842 wrote to Liebig, asking him to publish in his 
*Annalen’ o brief prcéliminary notice ‘of the work then 
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accomplished. Liebig did so, and Dr. Mayer's fist 
paper is contained in the May number of the * Annalen’ 
for 1842, ° 

Mayer had reashed bis eonsloslons by zollecting cauibe 
complex processes of the living body; but his first step 
in public was to state definitely the physical principles on 
which his physiological deductions were to rest. He 
begins, therefore, with the forces of inorganic nature. 
He finds in the universe two systems of causes which are 
not mutually convertible ;—the different kinds of matter 
and the difforont forms of force. The firet quality of both 
he affirms to be indestructibility. A force cannet become 
nothing, nor can it arise from nothing. Forces are eon- 
vertible but not destructible. In the terminology of his 
time, he then gives clear expression to the ideas 
tial and dynamic energy, illustrating bis point bya weight 
resting upon the earth, suspended at a height above the 
earth, and actually falling to the earth. He next fixes 
his attention on cases where motion is apparently des 
troyed, without producing other motion 5 on the shoek of 
inelastic bodies, for example. Under what form does the 
vanished motion maintain itself? Experiment alone, says 
Mayer, can help us here. He warms water by stirring 
it; herefers to the force expended in overcoming fiction. 
Motion in both cases disappears; but heat is generated, 
and the quantity generated isthe equivalent of the motion 
destroyed. ‘Our locomotives,’ he observes with extra- 
ordinary sagacity, ‘may be compared to distilling ap- 
paratug: the heat beneath the boiler passes inte the 
“motion of the train, and is again deposited as heat im the 
axles and wheels.” 

A numerical solution of the relation between heat and 
work was what Mayer aimed at, and towards the end of 
hia first paper he makee the attempt, It was known that 
a definite amount of air, in rising one degres in tempera 
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ture, can take up two different amounts of heat. If its 
volume be kept constant, ‘it takes up one amount: if its 
pressure be kept constant it takes up a different amount. 
‘Those two amounts aro called the spocific heat under con- 
‘stant volume and under constant preasure. ‘The ratio of the 
first to the second isas 1: 1421. No man, to my know- 
ledge, prior to Dr. Mayer, penetrated the significance of 
these two numbers He first saw that the excess 0-421 
was not, as then universally supposed, beat actually 
lodged in the gas, but heat which had been actually con- 
sumed by the gas in expanding against pressure, The 
amount of work here performed was accurately known, 
the amount of heat consumed was also accurately known, 
and from these duta Mayer determined the mechanical 
equivalent of heat. Even in this first paper he is able to 
direct attention to the enormous discrepancy between the 
theoretic power of the fuel consumed in steam-engines, and 
their useful effect. 

Though this paper contains but the germ of his 
further labours, I think it may be eafely assumed that, a8 
regards the mechanical theory of heat, this obscure Heil- 
bronn physician, in the your 1842, was in advanco of all 
fa scientific men of the time. 

Having, by the publication of this paper, secured him- 
wtf mens what he calls ‘ Bventualitiiten,” he devoted 
every hour of his spare time to his studies, and in 1845 
publithed & memoir which far transcends his first one in 
weight and fulness, and, indeed, marks an epoch in the 
history of science. The title of Mayer's first paper was, 
“Remarks on the Forces of Inorganic Nature.’ The title 
of his second great essay was, ‘Organic Motion in its 
Connection with Nutrition. In it he expands and illus 
trates the physical principles laid down in his first brief 
piper. He goes fully through the calculation of the 
mieehanteal equivalent of heut. He calculates the per= 





the union of falling bodies with the earth, He calculates 
the velocity with which » body starting at an infinite 
distance would strike the earth's surface, and finds thet 
tho heat generated by: ite collision would raise an equal 
weight of water 17,356” 0. in temperture, He then 
determines the thermal effect which’ would be produced 
by the carth itself falling into the sun. So that here, in 
1846, we have the germ of that meteoric theory of the 
sun's heat which Mayer developed with sich: 
ability three years afterwards. Ho also points to the 
almost exclusive efficacy of the sun's heat in 
mechanical motions upon the earth, winding up with the 
profound remark, that the heat developed by friction in 
the wheels of our wind and water mills comes from the 
sun in the form of vibratory motion; while the heat pro. 
duced by mills driven itera 
expense of the earth’s axial rotation. 8] 

inving thay with BFE np} pasar ER 
of inorganic’ nature, his next object is to bring his. prin- 
ciples to bear upon the phenomena’ of vegetable and 
animal life. Wood and con] can burn; whence come 
their heat, and the work producible by that heat? From 
the immeasumble reservoir of the sun. Nature has 
proposed to herself the task of storing ap the light which. 
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streams ¢arthward from the sun, and of casting into a 
permanent form the most fugitive of all powers. To this 
end she has overspread the earth with organisms which, 
while living, take in the solar light, and by its consump. 
tion-generate forces of another kind. These 

are plants. The vegetable world, indeed, constitutes the 
instrument whereby the wave-motion of the sun is changed 
into the rigid form of chemical tension, and thus prepared 
for future use, With this previaion, az shall subsequently 
be shown, the existence of the human race itself is insepar- 
ably connected, It is to be observed that Mayer's utter- 
umees are far from being anticipated by vague statements 
regarding the ‘stimulus’ of light, or regarding coal as 
“bottled sunlight.’ He first saw the full meaning of De 
Saussure's observation of the reducing power of the solar 
rays, and gave that observation its proper place in the 
dodtrine of conservation. In the lenves of a tree, the 
carbon and oxygen of carbonic acid, and the hydrogen and 
oxygen of water, are forced asunder at the expense of the 
aun, and the amount of power thus sacrificed is accurately 
restored by the combustion of the tree. The heat and 
work potentinl in our coal strata are so. much strength 
withdrawn from the sun of former ages. Mayer lays the 
axe to the root of many notions regarding ‘ vital force” 
which were prevalent when he wrote. With the plain 
fact before us that plants cannot perform the work of 
reduction, or generate chemical tensions, in the absonce 
of the solar rays, it is, he contende, incredible that these 
tensions should be caused by the mystic play of the vital 
force. | Such an hypothesis would cut offall investigation ; 
it would land us in s chaos of unbridled phantasy. ‘1 
count,’ he sys, ‘therefore, upon assent when I state, as an 
axiomatic truth, that during vital processes the conver- 
sion only, and never the creation of matter or force 
‘ecours! » 


— a 





who imparts to an 8-Ib, ball velocity of 30 feet, con-— 
sumes in the act; of a grain of carbon. A man 
woighing 150 lbs. who lifts his own body toa height of 
8 feet, consumes in the act 1 grain of carbon. In elimb- 
ing a mountain 10,000 feet high, the consumption of the 


of heat, whieh he had previously caleulated, Mayer proves 
the additional food to be amply sufficient to cover the 
inereased oxidation. 1 
But he does not content himself with showing, in a 
general way, that the human body burns according to 
definite Inws, when it performs mechanical work. He 
seeks to determine the particular portion of the body eon-~ 
sumed, and in doing so executes some noteworthy calcula~ 
tions, ‘The muscles of a labourer 150 Ibs. in weight weigh ~ 
G4 Ibs; when perfectly desiccated they fall to 15 Thay 
Were the oxidation corresponding to that tabourer's work 
exerted on the mueeles alone, they would be utterly com. 
sumed in 80days. ‘The heart furnishes a still more 
example. Were the oxidation necemary to sustain the 
heart’sactionexerted upon itsown tissue, it would be wbterly” 
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consumed in 8 days. And if we confine our attention to 
the two ventricles, their action would be sufficient to 
consume the associated muscular tissue in 3} days, Here, 
in his own words, emphasised in hia own way, is Mayer's 
pregnant conclusion from these calculations: ‘The muscle 
ia only the apparatus by means of which the conversion of 
the force is effected ; but it is not the eubstance consumed 
‘in the production of the mechanical effect? Ho calls the 
blood ¢ the oil of the lamp of Life ;" it is the slow-barning 
fluid whose chemical foreo, in the furnace of the capilla« 
ries, is suerificed to produce animal motion. This was 
Mayer's conclusion twenty-six years ago, It was in 
complete opposition to the scientific conclusions of his 
time; but eminent investigators have since amply yeri~ 
fied it, 

‘Thus, in baldost outline, I have sought to give some 
notion of the first half of this marvellous essay. The 
second half is so exclusively physiological that I do not 
wish to meddle with it. I will only add the illustration 
employed by Mayer to explain the action of the nerves 
upon the muscles, Ax an engineer, by the motion of his 
finger in opening a valve or loosing a detent, cam liberate 
au amount of mechanical motion almost infinite com- 
pared with its exciting cause, so the nerves, acting upon 
the muzeles, can unlock an amount of activity, wholly 
out of proportion to the work done by the nerves them- 
selvee, 

As rogards these questions of weightiest import to the 
science of physiology, Dr. Mayer, in 1845, was assuredly 
far in advance of all living men. 

Mayer grasped the mechanical theory of heat with 
commanding power, illustrating it and applying it in the 
most diverse domains. He began, as we have seen, with 
physical principles; he determined the numerical rela- 
tion between heat and work; he revealed the source of 
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the energies of the vegetable world, and showed the rele 
of the heat of our fires tosolar beat. He followed. 


the energies which were prememerite it 
their local exhaustion in the animal, But in 1846 
thought was foreed upon him by his culculations, He 
then, for the first time, drow attention to the astounding 
amount of heat gencrated by gravity where the) fores 
has sufficient distanes to act through, He proved, as I 
have before stated, the heat of collision | ‘body falling 
from an infinite distance to the earth, to be sufficient to 
raise the temperature of a quantity of water, equal to the 
falling body in weight, 17,366°C. ‘He also found, in 1845, 
that the gravitating force between the earth and sun was 
competent to gencrate an amount of heat oqual to that 
obtainable from the combustion of 6,000 times the weight 
of the earth of solid coal. With the quicknoss of genius 
he eaw that we had bere a power sufficient to produce the 
enornious temperature of the sun, and also to account for 
the primal molten condition of our own’ planet. Mayer 
shows the utter inadequacy of chemical forces, as we know 
them, to produce or maintain the solar temperatura. He 
shows that were the sun a lump of-coal it would (be 
utterly consumed in 5,000 years. He shows the difi- 
culties attending the assumption that the eun is/a cooling” 
ody; for, supposing it to possess oven the high spocitie 
heat of water, ite temperature would fall 15,000" in 5,000 
years. He finally concludes that the light and heat of 
the sun are maintained by the constant impact: of meteoric 
matter. T never ventured an opinion as to the aceuraey 
of this theory; that ix a question whieh may'still have te 
be fought out, But I refer to it as an illustration of the 
foree of genius, with which Mayer followed the mechanical: 
thoory of heat through ail its applications. Whother the 
meteoric theory be a matter of fact or not, with him 
abides the honour of proving to demonstration that the 
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light and heat of suns and stars may be originated and 


muitintained by the collisions of cold planetary matter. 

It is the man who with the scantiest data could accom- 
plish all this in six short years, and in the hours matched 
from the duties of an arduous profession, that the Royal 
Society, in 1871, crowned with ite higheet honour. Dr, 
Mayer had never previously received any mark of recog 
nition from the Society. 

this brief history with that of the Copley 
Medalist of 1870, the differentiating influence of ¢ environ= 
ment,’ on two minds of similar natural cast and endow- 
ment, comes out in/an instructive manner. Withdrawn 
from mechanical appliances, Moyer fell back upon reflec 
tion, selecting with marvellous egacity, from existing 
physical data, the single result on which gould be founded 
a calculation of the mechanical equivalent of heat. Tn 
the midst of mechanical appliances, Joule resorted to ex- 
periment, and laid the broad and firm foundation which 
has secured for the mechanical theory the acceptance it 
now enjoys. A great portion of Joule’s time was occupied 
in actual manipulation; freed from this, Mayer had time 
to follow the theory into its most abtrase and impree- 
sive applications. With their places reversed, however, 
Joule might have bocome Mayor, and Mayer might have 
become Joule. 

Tt does not lie in the way of these brief articles to 
enter pon the “grent developments of the’ Dynamical 
Theory, accomplished since Jowle and Mayer execute 
their memorable labours. 











PVE bere mo rene to ballene eee 
dog, or indeed any of the lower animals, feel a4 
interest in the laws by which natural phenomena are regu> 
lated. A herd may be terrified by a thunderstorm; tints 
may go to roost, and cattle return to their stalls, during & 
solur eclipse; but neither birds nor cattle, as far as we 
know, over think of enquiring into the causes of these 
things It is otherwies with man. The preeonee of 
natural objects, the occurrence of natural 

varied appearances of the universs in which he dwells, 
penetrate beyond his organs of sense, and appeal to au, 
inner power of which the senses are the mere instruments 
and excitants. No fact is to him either final or 

He cannot limit himself to the contemplation of it alone, 
but cndeavours to ascertain its position in a series to which 
the constitution of his mind assures him it must belong. 
‘He regards all that he witnesses in the present 
efflux and sequence of something that has gone 

and as the source of a system of events which is to follow. 
‘The notion of spontaneity, by which in his rader state he 
accounted for natural events, is abandoned ; the idea that 
nature is an aggregate of independent parta also dixap- 
pears, as the connection and mutual dependence of phy+ 
sical powers become more and moro manifest: until he is 
finally led, and that chiefly by the science of which I 
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N happen this evening to be the exponent, to regard Nature 
‘as an organie whole—as a body each of whose members 
sympathises with the rest, changing, it is tne, from age 
to age, but without one real break of continuity, or « single 
interruption of the fixed relation of cause and effect. 

The system of things which we call Nature is, how- 
‘ever, too vast and various to be studied first-hand by any 
single mind. As knowledge extends there is always a 
tendency to subdivide the ficld of investigutiom Ite 
various parts are taken up by different individuals, and 
thus receive a greater amount of attention than could 
possibly be bestowed on them if each investigator aimed 
atthe mastery of the whole. East, west, north, and south, 
the human mind pushes its conquests; but the centrifugal 
form in which knowledge, as a whole, advances, spreading 
ever wider on all aides, ia due in reality to the exertions 
of individuals, each of whom dircets his efforts, more or 
Jess, along a single line. Accepting, in many respects, 
his culture from his fellow-men—taking it from spoken 
words and from written books, in some ono direction, the 
student of Nature must actually touch his work. He may 
otherwise be a distributor of knowledge, but not, a creator, 
and he fails to attain that vitality of thought, und eorrect~ 
ness of judgment, whieh direct and habitual contact with 
natural truth can alone impart. 

‘One largo department of the system of Nature which 
forme the chief subject of my own studies, and to which 
it, is my duty to call your attention this evening, is that 
of physics, or natural philosophy. ‘This term is large 
enough to cover the study of Nature generally, but it is 
usually restricted to a department which, perhaps, lies 
closer to our perceptions than any other. It deals with 
the phenomena and laws of light and heat—with the 
phenomena and laws of mognetism and clectricity—with 
thos of sound—with the pressures and motions of liquids 








1¢ instrument of your own culture; how you are to possess 
x facts and make them living scods which sball. take root 
d grow in the mind, and not lie like dead lumber inthe 
storehouse of memory. This isa task much heavier than 
the mere cataloguing of scientific achievements ; and itis 
‘one which, feeling my own want of time and power to 
execute it aright, I might well hesitate to accepts 
But let me sink excuses, and attack the work to the 
best of my al . First and foremost, then, I would 
advise yon to got a knowledge of facts from actual obscry= 
ation. Fuets looked at directly are vital; when they 
pass into words half the sup is taken out of them, You 
wich, for example, to get a knowledge of magnetism ; woll, 
provide yourself with a good book on the subject, if you 
ean, but do not be content with what the book tells you; 
do nob be satisfied with its descriptive woodcuts; see the 
operation of the force yourself. Half of our book writers 
describe experiments which they never made, and their 
degeriptions often lack both force and truth ; but, no matter 
how clever or conscientious they may be, their written words 
cannot supply the place of actual observation. Every fact 
‘has numerous radiations, which are shorn off by the man 
who dewribes it. Go, then, to a philosophical instrument 
maker, and give, according to your means, for a straight 
Tar-magnet, sy, half-a-crown, or, if you can afford it, 
five shillings for a pair of them; or get a smith to cut a 
length of ten inches from a bar of steel an inch wide and 
halfan inch thick ; file its ends decently, harden it, and 
get somebody like myself to magnetise it, Two bar- 
mngnets are better than one. Procure some darning- 
needles such as these. Provide yourself also with a little 
unspun silk, which will give you a suspending fibre void of 
torsion; make a little loop of paper, or of wire, and 
attach your fibre to it. Do it neatly. In the loop place 
Jour darning-needle, and bring the two ends or poles, as 




































MAGNETISM. 
attracts one end of the needle, and 


. attract und those which ropol each other. 
Withdraw the magnet entirely from the vicinity of 
needle, and Jeave the latter freely suspended by its 

Shelter it as well as you can from currents of air, 

you have iron buttons on your coab, or a steel pen- 





at night, beware of iron candlesticks, or of brass ones 
with iron rods inside. Froed from such disturbances, the 
needle takes up a certain determinate position. It sete 
its length nearly north and south, Draw it aside trom 
this position and let it go. After several oscillations it 
will again come to it. Tf you have obtained your magnet: 
from a philosophical instrument maker, you will see a 
mark on one of its ends. Supposing, then, that you drew 
your needle along the end thus marked, and that the eye- 
end of your needle was the last to quit the magnet, you 
~will find that the eye turns to the south, the point of the 
needle turning towards the north. Make sure of this, 
and do not take the statement on my authority. . 

Now take « second darning-needle like the first, and 
magnetise it in precisely the same manner: freely sus- 
pended it also will turn its point to the north and its eye 
to the south. Your next step is to examine the action of 
the two neodles which you have thus magnetised upon 
each other. 

Take ono of them in your hand, and leave the othe 
suspended ; bring the eye-end of the former near the eye 
end of the Iatters the suspended needle retreats: it is 
repelled. Make the same experiment, with the two points; 
you obtain the same result, the suspended needle ix re- 
pelled. Now cause the dissimilar ends to act on each 
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ing the interaction of magnetic poles is of the utmost 
ince at this stage of your progress; and you must 
“not neglect attaining thia power over your implementa. 
As you proceed, moreover, you will be tempted to do 
more than I can possibly suggest. Thoughts will occur 
to you which you will endeavour to follow out; questions 
owill arise which you will try to answer. The same 
experiment muy be twenty things to twenty people 
Having witnesved the action of pole on pole, through the 
air, you will perhaps try whether the magnetic power 
is not to be screened off. You use plates of glass, wood, 
alate, pasteboard, or gutta-percha, but find them all 
pervious to this wondrous force. One magnetic pole 
acts upon another through these bodies as if they were 
not present. And should you become a patentee for the 
‘regulation of ships’ compasses, you will not fall, as some 
projectors have done, into the error of screening off the 
magnetism of the ship by the interposition of such sub- 
stances, 

Tf you wish to teach a class you must contrive that the 
effecta which you have thus far witnessed for yourself 
shall be witnessed by twenty or thirty pupils. And hero 
your private ingenuity must come into play. You will’ 
attach bits of paper to your needles, so as to render their 
movements visible at « distance, denoting the north and 
south poles by different colours, say green and red. You 
may also improve upon your darning-needle. ‘Tuke a 
strip of sheet stecl—the rib of a lady’s stays will answer— 
heat it to vivid redness and plunge it into cold water. 
It is thereby hardened ; rendered, in fact, almost as brittle 
aa glam. Six inches of this, magnetised in the manner of 
the daming-needle, will be better able to carry your 
paper indexes. Having secured such a strip, you procood 
‘thus :— 


‘Magnetise a small sewing-needle and determine its 
16 
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strip itself. You may continue the breaking roo 


‘becomes a mechanical impossibility; bub docs the mind 
stop there? No: you follow the breaking process in idea 
when you can no longer realise it in fact; your thoughts 
wander amid the very atoms of your steel, and you con= 
elude that ench atom is a magnet, and thut the force 
exerted by the strip of steel is the mere summation, or 
resultant, of the forces of its ultimate particles, 

Here, then, is an exhibition of power which we can 
call forth at pleasure or cause to disappear. We mag- 
netise our strip of steel by drawing it along the pole of a 
magnet; we can domagnotiso it, or reverse its magnetism, 
‘by properly drawing it along the game pole in the oppo- 
site direction. What, then, is the real nature of this 
wondrous change? What is it that takes place among 
the atoms of the stool when the substance is mngnetised ? 
‘The question leads us beyond the region of sense, and 
into that of imagination. This faculty, indeed, is the 
divining-rod of the man of science, Not, however, an 
imagination which catches its creations from the air, but 
one informed and inspired by facto; capable of seizing 
firmly on a physical image a3 a principle, of discerning 
its consequences, and of dovising means whereby these 
forecasts of thought may be brought to an experimental 
test. If such a principle be adequate to account for all 
the phenomena—if from an assumed cause the observed 
acts necessarily follow, we call the assumption a theory, 
and, once pomessing it, we can not only revive at pleasure 
facts already known, but we can predict others which we 
hhaye never seen. Thus, then, in the prosecution of 
physical science, our powers of observation, memory, 
imagination, and inference, are all drawn upon. We 
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observe facts and store thom up; imagination broods 
upon these memories, and by the aid of reason tries te 
discern their interdependence. The theoretic 

flashes or slowly dawns upon the mind; and then the 
deductive faculty interposes to carry out the principle to 
its logical consnquences, A perfect theory gives dominion 
over natural facts; and even an assumption which ean 
only partially stand the test of a comparison with facts, 
may be of eminent use in enabling us to connect and 
classify groups of phenomena. The theory of magnetic 
fluids is of this lntter character, and with it we must now 
make ourselves fami{liar. 

With the view of stamping the thing more firmly on 
your minds, I will make use of a strong and vivid image. 
Tn optics, red and green are called complementary 
colours ; their mixture produces white. Now I ask you 
to imagine cach of those colours to possess a eelf-repulaive 
power; that red repels red, and that green repels green ; 
but that red attracts green and green attracts red, the 
attraction of the disimilur colours being equal to the 
repulsion of the similar ones. Imagine the two colours 
mixed sa as to produce white, and suppose two strips of 
wood painted with this white ; what will be their action 
upon each other? Suspend one of them freely as we 
suspended our darning-needle, and bring the other near 
it; what will occur? The red component of the strip 
you bold in your hand will repel the red component of 
your suspended strip; but then it will attmet the green, 
and, the forces being equal, they neutralise each other. 
Tn fact, the least reflection shows you that the strips 
will be as indifferent to exch other as two unmagnetised 
damning-needles would be under tho same circumstances, 

But suppose, instead of mixing the colours, we painted 
one half of each strip from centre to end red, and the 
other half green, it is perfectly manifest that the two 
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strips would now behave towards each other exactly ns 
‘our two magnetised darning-necdles—the red end would 
repel the red and attract tho green, the groon would repel 
the green and attract the red; so that, assuming two 
colours thus related to each other, we could by their 
mixture produce the neutrality of an unmagnetised body, 
while by their separation we could produce the duality of 
action of magnetised bodies, 

But you have already anticipated # defect in my con~ 
ception; for if we break one of our strips of wood in the 
middle we have one half entirely red, and the other 
entirely green, and with these it would be impossible to 
imitate the action of our broken magnet. How, then, 
must we modify our conception? We must evidently 
auppose each molecule of wood painted green on one face 
and red on the opposite one, The resnitant action of 
all the atoms would then exactly resemble the action 
of a magnet. Here also, if the two opposite colours of 
each atom could be caused to mix #0 as to produce white, 
we should have, as before, perfect neutrality. 

For these two self-repellent and mutually attractive 
colours, substitute in your minds two invisible sclf-repellent 
and mutually attractive fluids, which in ordinary steel are 
mixed to form a neutral compound, but which the act of 
rougnetisation separates from each other, placing the op- 
posite fluids on the opposite faces of each molecule. You 
have then a perfvetly distinct conception of the celebrated 
theory of magnetic fluids. ‘The strength of the magnetism 
excited is supposed to be proportional to the quantity of 
neutral fluid decomposed. According to this theory 
nothing is actually transferred from the exciting magnet 
to the excited steel. The act of magnotisation consist in 
the forcible separation of two fluids which existed in 
the steel before it was magnetised, but which then 
neutralised each other by their coalescence, And if you 
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test your magnot, after it has excited a hundred pieces of 
steel, you will find that it has lost no foree—mo mur, 
indeed, than I should Jose, had my words such a magnetic 
influence on your minds as to excite in them a strang 
resolve to study natural philosophy. I should rather be 
the gainer by my own utterance, and by the reaction of 
your strength. The magnet alzo is the gainer by the 
reaction of the body which it magnetises, 

Look now to your excited piece of stecl; figure each 
molecnle with its opposed fluids spread over its oppo 
site faces. How ean this state of things be permanent? 
The fluids, by hypothesis, attmot each other; what, 
then, keeps them apart? Why do they not. instantly 
rush together acrous the equator of the atom, and thus 
noutralise each other? To meet this question philo- 
sophers have been obliged to infer the existence of a 
special force, which holds the flaids asunder. They call 
it coercive force ; and it is found that those kinds of steel 
which offer most resistance to being magnetised—which 
require the greatest amount of ‘coercion’ to tear their fluids 
asundor—are the very ones which offer the greatest resist- 
ance to the reunion of the fluids, after they have been 
onee separated. Such kinds of ateel are most suited to 
the formation of permanent magnets. It is manifest, 
indeed, that without cooreive force a permanent magnet 
would not be at all possible. 

You have not forgotten, that previous to maguetising 
your darning-needle both its ends were attracted by your 
magnet ; and that both ends of your bit of iron wire were 
acted upon in the same way. Probably also long before 
this you will have dipped the end of your magnet among 
iron filings, and observed how thoy cling to it; or into s 
nail-box, and found how it drags the nails afterit. [know 
very well that if you are not the slaves of routine, you 
will have by this time done many things that I have not 
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told you to do, and thus multiplied your experience 
beyond what I have indicated. You are almost sure to 
have caused a bit of iron to hang from the end of your 
magnet, and you have probably succeeded in causing a 
second pieces to attach itself to the first, a third to the 
‘second ; until finally the force has become too feeble to 
bear the weight of more. I? you have operated with 
nails, you may have observed that the points and edges 
hold together with the greatest tenacity; and that a 
bit of iron clings more firmly to the corner of your 
magnet than to one of its flat surfaces. In short, 
you will in all likelihood have enriched your expo- 
rience in many ways without any special direction 
from me. 

‘Well, the magnet attracts the nail, and that nail attracts 
a second one. Thix proves that the nail in contact with 
the magnet has bad the magnetic quality developed in it 
by that contact. If it be withdrawn from the magnet its 
power to attract its fellow nail ceases. Contact, however, 
is not mecessary. A shect of glass or paper, or a space 
of air, may exist between the magnet and the nnils the 
lntter is still magnetised, though not so forcibly as when 
in actual contact. The nail thus presented to the magnet 
is itself a temporary magnet. That end which ix turned 
towards the magnetic pole has the opposite magnetism of 
the pole which excites it; the end most remote from the 
pole has the same magnetism as the pole iteclf, and 
between the two poles the nail, like the magnet, possesses 
a magnetic equator. 

‘Conversant as you now are with the theory of magnetic 
fluids, you have already, I doubt not, anticipated me in 
imagining the cxact condition of iron under the influ- 
ence of the magnet, You picture the iron as possessing 
the neutral fluid in abundance; you picture the magnetic 
pole, when brought near, decomposing the fluid; rspell- 
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ing the uid of a like kind with itself, ani attracting 
the unlike fluid; thus exciting in the parts of the irow 
nearest to itself the opposite a hig ATO 
incapable of bocoming a permancnt magnet. ft only 

shows its virtue as long as the magnet acts upon it, 
What, then, does the iron lack which the steel possasses? 
It Incks coercive force, Its fluide are separated with 
ease; but, once the separating eanse i¢ removed, they Bow 
together ngain, and neutrality is restored. Your imagina- 
tion must be quite nimble in picturing these changes 
You must be able to sce the fluids dividing and reuniting, 
according az the magnet is brought near or withdrawn. 
Fixing  dofinite pole in your imagination, you must 
picture the precise arrangement of the two fluids with 
reference to this pole. And you must not only be well 
drilled in the use of this mental imngery yourself, bat 
you must be able to arouse the same pictures in the 
minds of your pupils. You ought to satisfy yourself that 
they possess the power of placing magnets and iron 
in various positions, and describing the exact magnetic 
state of the iron in cach particular case. The mere 
facts of magnetism will have their interest | immensely 
augmented by an aequaintance with those hidden | 
ciples whereon the fuets depend. — Still, while you tse 
this theory of magnetic fluids, to track out the phent= 
mena and link them together, be sure to tell your pupils 
that it is to be regarded as a symbol merely,—a symbol, 
moreover, which is incompetent to cover all the facts, 
but which does good practical service whilst we aro 
waiting for the actual truth. 


! This theory brake down when applied to diamagnetic bodies, whieh 
are repelled by magnets. Like soft irom, such bodies mo thrown imo a 
Ss of Cnn erie, [sieeve ae ee bot s 
Attempt to explain wach 4 repulsion by the decomposition of 
domonateste its own Futility. 





‘This state of excitement into which the annealed iron 
is thrown by the influence of the magnet, is sometimes 
called ‘magnetisation by influence’ More commonly, 
however, the magnetism is gaid to be ‘induced’ in the 
iron, and henes this mode of magnetising is called + mag~ 
netic induction.’ Now, there is nothing theoretically 
perfect: in Nature : there is no iron so soft a8 not to possess 
& certain amount of coercive force, and no steel xo hard as 
not to be capable, in some degree, of magnetic induction. 
‘The quality of stecl is in some measure possessed by iron, 
and the quality of iron is shared in some degree by steel. 
It isin virtue of this latter fact that the unmagnetised 
darning-needle was attracted in your first experiment; 
and from this you may at once deduce the consequence that, 
after the steel has been magnetised, the repulsive action 
of & magnet must be always less thun its attractive action. 
For the repulsion is opposed by the inductive uction of 
the magnet on the steel, while the attraction is assisted 
by the same inductive action. Make this clear to your 
minds, and verify it by your experiments. In some cases 
you can actually make the attraction due to the temporary 
magnetism overbalance the repulsion due to the per- 
manent magnetism, and thus cause two poles of the sume 
kind apparently to attract each other. When, however, 
good hard magnets act, on each other from a sufficient 
distance, the inductive action practically vanishes, and the 
repulsion of like poles is sensibly equal to the attraction 
of unlike ones. 

I dwell thus long on elementary principles, beenuso 
they are of the first importance, and it is the temptation 
of this age of unhealthy cramming to neglect them. Now 
follow me a little farther. In examining the distribution 
of magnetism in your strip of steel you raised the needle 
slowly from bottom to top, and found what, we ealled a 
neutral point at the centre. Now does the magnet really 
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exert no influonce on the pole presented to its contre? 
Let us see. » 

Let sx, fig. 7, be our magnet, and let ae represent a 
particle of north magnetism placed exactly opposite the 
middle of the magnet. Of course this is an imaginary 
case, 88 you can never in reality thus detach your north 
magnetism from its neighbour. What is the action of the 
two poles of the magnet on »? Your reply will of cours: 
be that the poles attracts nwhile the pole x repels it. Let 
the magnitude and direetian of the attmetion be 
by the line nm, and the magnitude and direction of the 

Fr. 7. 


h 7 


2 SS eee 


repulsion by the line ® 0, Now, tho particle being 
equally distant from 8 and x, the line 1 0, expressing the 
repulsion, will be equal to mn, which expresses the 
attraction, Acted upon by two such forces, the particle 
m must evidently move in the direction p m, exactly 
midway between mm and 2 0. Hence you wee that, 
although there is no tendency of the particle n to move 
towards the magnetic equator, there is a tendency on its 
prt to move parallcl to the magnet. If, instead of 
particle of north magnotiam, wo placed @ particle of gouth 
magnetiam opposite to the magnetic equator, it would 
evidently be urged along the line n q3 and if, instead of 
two separate particles of magnetiem, we place a little 
magnetic needle, containing both north and south mag= 
netism, opposite the magnetic equator, its south pole 
being urged along » ¢, and ite north along n p, the little 
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needle will be compelled to set iteelf parallel to the 
magnet 8 N. Mako the experiment, and sutisfy yourselves 
that: this is a trae deduction. 

Sulstitute for your magnetic needle a bit of iron wire, 
devoid of permancnt magnetism, and it will set iteclf ex= 
actly as the needle does. Acted upon by the magnet, the 
wire, as you know, becomes a magnet and behaves aa such; 
it will, of course, turn its north polo towards p, and south 
pole towards q, just like the needle. 

But supposing you shift the position of your particle of 
north magnetism, and bring it nearer to one end of your 
magnet than Lo the other; the forces acting on the particle 
are no longer equal; the nearest pole of the magnet will 
‘act more powerfully on the particle than the more distant 
onc. Let 8X, fig. 8, be the magnet, and » the particle 
of north magnetism, in its new position, Well, it ix 
repelled by x, and attracted by & Let the repulsion be 

Yio, 8. 


Ano 
a 
7 
z 
al 
represented in magnitude and direction by the line no, 
and theattraction by the shorter line nm. ‘The resultant 
of these two forces will be found by completing the par- 
allelogram m 0 p, and drawing its diagonal np. Along 
wp, then, a particle of north magnetism would be urged 
hy tho simultaneous action of sand x, Substituting a 
particle of south magnetism for n, the same reasoning 
would lead to the conclusion that the particle would be 
urged along nq. If we place at m a short magnotic 
needle, its north pole will be urged along n p, its south 
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MAONETIC TIES OF FORCE 
From a Phetinriph ty Profemor MATH 








able to look with your mind's eye at th 


around a magnet, and see distinctly: 
eco hate hocan tse am u 











which we have spent together will not 
vw Tots thongh sane ns a aE 
reason upon them, and, by determined to 


clearness of conception. Facts thus dealt with exercise 
an expansive force upon the boundaries of thought ;—they 
widen the mind to generalisation. We is 
a brotherhood between the larger 
and the minnte effects which we have obser 
private chambers. Why, wo enquire, does 

needle eet north and south? Evidently it is compelled 
to do so by the oarth; the great globe which — 

is itself a magnet. Let us learn @ little more about 
it. By means of a bit of wax, or otherwise, attach the 
middle point of your silk fibre to your magnetic needle; 
tho needle will thus be uninterfered with by the 
paper loop, and will cajoy to vome extent a power of 
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“dipping” its point, or its eye, below the horizon. Lay 
your magnet on a table, and hold the needle over the 
equator of the maguet. The needle sets horizontal. 
Move it towards the north end of the magnet; the south 
end of thencedle dips, the dip augmenting a8 you approach 
the north pole, over which the needle, if free to move, 
will set itself exactly vertical. Move it back to the centre, 
it resumes its horizontality; pass it on towards the south 
pole, its north end now dips, and directly over the south 
polo the needle becomes vertical, its north end being now 
turned downwards. Thus we learn that on the one side 
of the magnetic equator the north end of the needle 
dips: on the other side the south end dips, the dip vary- 
ing from nothing to 90°. If wo go to the equatorial 
of the earth with a seitably suspended needle we 
shall find there the position of the needie horizontal. If 
we sail north one end of the needle dips; if we sail south 
the opposite end dips; and over the north or south terres- 
trial magnetic pole the needle sets vertical. The south 
magnetic pole has not yet been found, but Sir James Ross 
discovered the north magnetic pole on June 1, 1831. In 
this manner we establish a complete parallelism between 
the action of the earth and that of an ordinary magnet, 
‘The terrestrial magnetic poles do. not coincide with 
the geographical ones; nor does the earth's magnetic 
equator quite coincide with the geographical equator. 
‘The direction of the magnetic needle in London, which is 
called the magnetic meridian, encloses on angle of 24° 
with the true astronomical meridian, this angle being 
called the Declination of the needle for London. The 
north pole of the needle now lies to the west of the 
truo meridian; the declination is westerly. In the year 
1660, however, the declination was nothing, while before 
that time it was easterly, All this proves that the earth's 
magnetic constituents arc gradually changing their dis- 




















called the secwar change, and the o 
not yet extended over @ sufficient period le us 
gee, even approximately, at its laws, — <a 





ray hand’ a: poker: foruped of gjodl softies g a 
the lino of dip—a tangent, in fact, to the earth's line of | 
magnetic force, The earth, acting as a magnet, 
moment constraining the two fluids of 

separate, making the lower end of the poker a north poly, 
and the upper end a south pole. Mark the experiment: | 
I hold the knob uppermost, and it attracts the north 
end of a magnetic necdic. I now reverse the poker, 
bringing its knob undermost; the knob is now # north 
pole and attracts the south end of a magnotic needle. 
Get such a poker and carefully ropeat this experiment; 
satisfy yourselves that the fluids shift their position, m= 
cording to the manner in which the poker in presented to 
the earth. It hasalready been stated that the softest iron 
possesses a certain amount of coercive force, The earth, 
at this moment, finds in this force an antagonist which 
opposes the full decomposition of the nentral fluid, The 
component fluids may be figured as meeting an amount of 
friction, or possessing an amount of adhesion, whieh pre 
vonts them from gliding over the molecules of the ; | 
Can we assist the earth in this case? If we wish tom 
move the residue of a powder from the interior surface of 
aglass to which the powder clings, we invert the 
tap it, loosen the hold of the powder, and thus enable the 
force of gravity to pull it down. So also by tapping the 
ond of the poker we looson the ndhosion of the fiuids to tho 
molecules and enable the earth to pull them apart. But, 
whut is the consequence? The portion of fluid which hus 
‘been thus forcibly dragged over the molecules refuses to 
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return when the poker has been removed from the line of 
dip; the iron, as you sec, has become a permanent magnet 
By reversing its position and tapping it again we reverae 
ite magnetism. A thoughtful and competent teacher 
will well know how to place these remarkable facts before 
his pupils in a manner which will excite their interest. 
By the use of sensible images, more or lest gross, he will 
first give thase whom he teaches definite conceptions, puri= 
fying these conzeptions more and more, as the minds of his 
pupils become more capable of abstraction. He will cause 
his logic to run like a line of tight through these images, 
and by thus acting he will couse his boys to march ab 
his side with a profit and a joy which the mere exhibition 
of facts without principles, or the appeal to the bodily 
sensesand the power of memory alone, could never inspire. 


As an expoosiou of the moto ot p. 242, the following extemet raay nd 
bero:— 


“Te is woll known that a voltvc currunt oxorss nm attenctive forse mpom 
a second carrynt, lowing in the sume direction; and that when the diree- 
tions are opposed to onch other the fore exerted is m ropulvive one, Dy 
coiling witow into apiraln, Ampiro wns emubled to make them produce all 
the phenomena af attmetioa and repulsion exhibited by magnets, and fur 
this it was but a atop to bis culebrated theory of molecular current, He 
supposed tho molecules of a magnetic body to be surrounded by such current, 
‘which, howerwr, in the natural atnto of the body mutually nentrudieed each 
other, on secount of their confusel grovping. ‘The act of mnguotivation ba 
‘supposed to consist in setting thove molécalar currents porallel to ench other ; 
and, starting from this principlo, he reduced all the phonomena of maynet~ 
fem to tho mutual action of electric eurronts. 

* Hf we roflect upon tho experiments recontod in the foregoing paces from 
first to last, wo xn hardly fail to bo convinced! that diamagnotie bodies 
‘operated oa by magnotic forces porsess m polarity tho sumo in kind as, but 
the reverse in dircetion of, that nequired by mognetio bodien” Tut if this 
‘bo the ease, how are we Lo conceive the physical mechaniam of this polnrity ® 











oe TRAGMENTS OF SCIENCE, 
to Coulomb's and Poisson's thoory, the net of 


swith It the mnterint particles with which the fluid Ss axmeintet. ‘Tomecount, 
for diamagnotio phonomena thix thoory seems to fuil altogether; seconting 
to It, indeed, tho oft-used phireso, “a north pole exciting a north pole, ask 
‘wm routh pole a south pols,” involves a contradiction, or if the north field 


Ampire inequally nt a los to explain dinmaguetic action ; for if we mappom 
tho particles of bismuth surrounded by molecular currents, then, accorvting 
toall that is known of elestro-dynamie laws, those carreats would set thee 
selves porallal to, and in the mme direction as thowe of the magnet, a 
‘honce attraction, and not repulsion, would botho result, The fact, 

of this not belng tho ease, proves that these molecalur curreuts are pet 
mechanism by which distuaynotic induction is effocted, ‘The consciowecens 
of this. I doubt not, drove Mf. Weber to the assumption that: the phenormen 
Of dinmagnotiam are produce! by moleerilar currents, not dérected, bret mate 
ally ereited in the bismuth by tho magnet. Suet induced currants would, 
according to known lnwe, have a direction opposed to those of the inducing 
magret, and kenco would produce the phenomena of repulsion, Te cary 
‘out the assumption hore made, M. Weber is obliged to suppose thet the 
molecules of diamagnotic bodies are surrounded by channels, in which the 
induced molecular currents, ones «xrited, continue to flow without mealis 
nce’ —Diamagnetiom and Magnecrystallic Action, p. 136-1, 


ad 
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DEATH BY LIGHTNING, 


PLE in general imagine, when they think at all 
about the matter, that an impression upon the neryos 
—s blow, for oxample, or the prick of a pin—is felt at the 
moment it is inflicted. But this is not the casa, The 
seat of sensation is the brain, and to it the intelligence of 
any impression made upon the nerves has to be transmitted 
before this impression can become manifest in conscious 
ness. The transmission, moreover, requires time, and the 
consequence is, that a wound inflicted on a portion of the 
body distant from the brain is more tardily appreciated 
than one inflicted adjacent tothe brain, By an extremely 
ingenious experimental arrangement, Helmholtz has de- 
termined the velocity of this nervous transmission, and ” 
finds it to be about one hundred feet a second, or less 
than one-tenth of the velocity of sound in air, If, there- 
fore, a whale fifty feet long were wounded in the tail, it 
would not be conscious of the injury till half a second 
after the wound had been inflicted.' But this is not the 
only ingredient in the delay. There can searcely be a 
doubt that to every act of consciousness belongs a doter- 
minate molecular arrangement of the brain—that every 
thought or feeling has its physical correlative in that 
¥ A most admirablo lecture on the velocity of nervous tranemisaion ns 


‘boon publiahed by Dr. Du Bois Reymond in tho * Proceedings of the Royal 
Tomtitution” for 1906, vol. #. p. 675. 


fe scwune jexth; iil r/oeSdhocvar aah 
kind, Death in this case would be sim 


Doubtless thore are many kinda of deat 
racter. The passage of a musket-bullet thr 
isa case in point ; and tho placid aspect of a 
killed is in perfeet accordance with the con 
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“might be drawn a priori from the experiments of Helm- 
holtz, Cases of insensibility, moreover, are not uncommon 
which do not result in death, and after which the persons 
affected have been able to testify that mo pain was felt 
prior to the loss of consciousness. 

‘The time required for a rifle-bullet to pass clean through 
‘a man’s bead may bo roughly estimated at a thousandth 
of a second. Here, therefore, we should have no room 
for sensation, and death would be painless. But there 
are other actions which far transcend in rapidity that of 
the riflebullet. A flash of lightning cleaves a cloud, 
appearing and disappearing im less than a hundred- 
thousandth of a second, and the velocity of electricity is 
such as would carry it in a single second over a distance 
‘almost equal to that which separates the earth and moon, 
It is well known that a luminous impression once mado 
upon the retina ondures for about one-sixth of a second, 
and that this is the reason why we see a ribbon of light 
when 8 glowing coal is caused to pass rapidly through the 
air. A body illuminated by an instantaneous flash con- 
tinnes to be seen for the sixth of m second after the flash 
has become extinct; and if the body thus illaminated be 
in motion, it appears at rest at the place where the flash 
falls upon it. ‘The colour-top is familiar to most of us. 
By this instrument a disk with difforentiy-coloured sectore 
is caused to rotate mpidly; the colours blend together, 
and, if they are chosen in the proper proportions, when 
the motion is sufficiently rapid the disk appears white. 
Such a top, rotating in a dark room and illuminated by 
an electric spark, appears motionless, each distinct colour 
being clearly seen. Professor Dove has found that a flash 
of lightning produces the same effect. During a thunder- 
storm he pub a colour-top in exceedingly rapid motion, 
and found that every flash revealed the top as a motion- 
less object with ite colours distinct. If illuminated solely 
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‘the discharge went through my body. Life was abso~ 
“ Intely blotted out for a very sensible interval, without a 
trace of pain. Ina second or £0 consciousness returned ; 
‘IT saw myself in the presence of the audience and ap- 
‘paratus, and, by the help of these external appearances, 
immediately concluded that I had received the battery 
discharge, The intellectual consciousness of my position 
was restored with exceeding rapidity, but not so the 
optical consciousness, To prevent the audience from 
being alarmed, I observed that it had often been my 
dlestre to receive accidentally such a shock, and that my 
owish had at length been fulfilled. But, while making this 
remark, the appearance which my body presented to my- 
self was that of a number of separate pieces. The arms, 
for example, were detached from the trunk, and secmed 
suspended in the air. In fact, memory and the power 
of reasoning appeared to be complete long before the 
optic nerve was restored to healthy action. But what I 
wish chiefly to dwell upon here is, the absolute painless 
nes of the shock; and there cannot be a doubt that, to 
# person struck dead by lightning, the passage from life 
to death occurs without consciousness being in the least 
degree implicated. It is an abrupt stoppage of sonsation, 
unaccompanied by a pang. 


July 8, 1866, 





_ The meeting took place at x private residence in 

of London. My host, his intelligent 

fe, anda gentleman who may be called X., were in the 

ouse when I arrived. I was informed that the ‘medium’ 
had not yet made her appearnnce 3 that she was sensitive, 
and might resent suspicion. It was therefore requested 





‘The ‘medium’ arrived—a delicatelooking young 
lady, who appeared to have suffered much from ill-health. 
I took her to dinner and sat close beside her, Facta were 
absent for a considerable time, a series of very wonderful 
narratives supplying their place. The duty of belief on 

| testimony was frequently insisted on. X. appeared to be 

ieecor amt tak vie ia'uot a pena ae 
things. He affirmed that, when he took a pen in his 
| hand, an influence ran from his shoulder downwards, and 
"impelled him to write oracular sentences. I listenod for 
a time, offering no observation. ‘ And now,’ continued 
X., ‘this power has so risen ax to reveal to me the thonghts 
of others. Only this morning I told a friend what: he was 
of, and what he intended to do during the day.’ 
oa pale Bement or 
said immediately to X.: + If you wish to win to your 
| A scarape aperture to the 
world without fear, tell me what I am now thinking of” 
X. reddened, and did not tell me my thought. 
16 
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Some time previously I had visited Baron) Relchen-|, 
bach, in Vienna, and I now asked the young Indy who 





Medium— Oh, yes; bat I see light around 
bodies,” 

T.— Even in perfect darkness ?” 

Medium.— Yes; I soo luminous atmoxpheres round 
all people, The atmosphere which surrounds Mr. R. & 
would fill this room with light.’ 

I.— You are aware of the effects ascribed by Baroa 
Reichenbach to magnets ?? 

Hedium.—‘ Yes; but a magnet makes me terribly 
An 

I—* Am I to understand that, if this room wen 
perfectly dark, yon could tell whether it eontained 
magnet, without being informed of the fact?” 

Mediwm.—‘T should know of its presence on entering 
the room. 

I.— How?” 

Mediwm.— I should be rendered instantly ill.’ 

I.—* How do you feel to-day?" 

Mediwm.— Purticularly well; I have not been = 
well for months.’ 

I—Then, may I ask you whether there is, at the | 
present moment, a magnet in my possession ?” 

Tho young lady looked at mo, blushed, and stam- 
mered, 

*No; Tam not en rapport with you? 

T sat at her right hand, and aleft-hand pocket, with 
‘in sic inches of her person, contained a magnet 

Our host here deprecated discussion, as it ¢ exhausted 
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spiritual atmospheres, which she could see as beautiful 
when she closed her eyes. I professed myself 
a to sce similar colours, and, more than that, to be 
able to see the interior of my own eyes. The medium 
‘affirmed that she could see actual waves of light coming 
from the sun, T retorted that men of science could tell 
the exact number of waves emitted in a second, and also 
their exact length. The medium spoke of the per- 
formances of the spirits on musical instruments. I said 
that such performance was gross, in comparison with a 
kind of music which had been discovered some time pre- 
viously by a scientific man, Standing at a distance of 
twenty fect from a jet of gas, he could command tho 
flame to emit a melodious note; it would obey, and con- 
tinue its song for hours. So loud was the music emitted 
by the gasflame, that it might be heard by an assembly 
of athonsand people. These were acknowledged to be 
as great marvels as any of those of spiritdom. The spirits 
were then consulted, and I was prononnced to bo a first~ 
class medium, 

During this conversation a low knocking was heard 
from time to time under the table. These were the 
spirits’ knocks, I was informed that one knock, in 
answer to a question, mesnt *No;’ that two knocks meant 
*Not yet" and that three knocks meant ‘ Yes.’ In answer 
to the question whether I was « medium, the response was 
three brisk and vigorous knocks. I noticed that the 
knocks issued from # particular locality, and therefore 
requested the spirits to be good enough to answer frum 
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the evening this pulling of the table occurred, or rather 
‘was attempted, three times, Twice the table moved 
when my attention’ was withdrawn from it; on a third 
occasion, E tried whether the act could be provoked by an 
aeumed air of inattention, Grasping the table firmly 
between my knees, I threw myself back in the chair, and 
‘waited, with eyes fixed on vacancy, for the pull. It came. 
For same seconds it was pull spirit, hold musele; the 
muscle, however, prevailed, and the table remained at 
test. Up to the present moment, this interesting fact 
i known only to the particular spirit in question and 


myself. 
A species of mental scene-painting, with which my 
‘own pursuits had long rendered me familiar, was employed 
to figure the changes and distribution of spiritual power. 
‘The spirits were provided with atmospheres, which com- 
bined with and interpenetrated each other, considerable 
ingenuity being shown in demonstrating the necessity of 
time in effecting the adjustment of the atmospheres. In 
fiict, just as in science, the senses, time, and space consti- 
tuted the conditions of the phenomena. A rearrangement 
of our positions was proposed and carried out; and soon 
afterwards my attention was drawn to a scarcely sensible 
‘Vibration on the part of the table. Several persons wore 
‘eaning on the table at the time, and I asked permission 
to touch the medium's hand. *Oh! I know I tremble,’ 
was ber reply. Throwing one leg across the other, T 
secidentally nipped a muscle, and produced thereby an 
involuntary vibration of the free leg. ‘This vibration, I 
RT ee chatscservud none aud thence to 
tho chairs of all present. I therefore intentionally pro- 
moted it. My attention was promptly drawn to the mo~ 
tiem y and a gentleman beside me, whose value asa witness 
desirous to test, expressed his belief 
‘that out of the compass of human power to produce 





eo vtrange a tremor, ‘I dod, 
“ny he won 


that there were doubters present, who did mot quite know 
what to think of the manifestations. I sw their per 
plexity; and, as there was sufficient reason to believe that 
the disclosure OF i pact och SAS (ert a 
I kept it to myself. 

Again a period of convermtion iro, ding 
which the spirits became animated. The 
confesedly a dull ein, tnt ates appeciel Aenea 
towards its close. The spirits wore requested to spell the 
name by which Iam known in the heavenly world. Our 
host commenced repeating the alphabet, and when ho 
reached the letter *P’ a knock was heard. He 
again, and the spirits knocked at the letter*O2 1 was 
puzzled, but waited for the end. » The next letter knocked 
down was‘? T laughed, and remarked that the spirits 
were going to make a poet of me. Admonished for my 
levity, I was informed that the frame of mind proper for 
the occasion ought to have been euperindueed by a perusal: 
of the Bible immediately before the eéance. The spelling, 
however, went on, and sure enough I came out a poch 
But matters did not end here, Our host continued bis 
repetition of the alphabet, and the next letter of the mame 
proved to be £0.’ Here was manifestly an unfinished 
word; and the spirits were apparently in their most com- 
municative mood. The knocks came from under ihe 
table, but no person present evinood the lightest desire 
to look under it. I asked whether [ might go under- 
‘neath; the permission was granted; so I crept under the 


io —_ 
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table. Some tittered; but the candid old A. exclaimed, 
| ‘Ho hns a right to look into the very dregs of it, to con~ 
vince himself.’ Having pretty well assured myself that 
‘no gound could be produced under the table without its 
origin being revealed, I requested our host to continue his 
questions, He did so, but in vain. He adopted a tone 
of tender entreaty; but the ‘dear spirits’ had become 
dumb dogs, and refused to be entreated. I oontinued 
under that table for at least a quarter of an hour, after 
which, with a feeling of despair as regards the prospects 
of humanity never before experienced, I regained my chair. 
Once thore, the spirits resumed their loquacity, and 
dubbed me ‘ Poet of Seience.” 

This, then, ix the result of an attempt made by a 
scientific man to look into these spiritual phenomena. It. 
is not encouraging; and for this reason: The present 
promoters of spiritual phenomena divide themselves into 
‘two classes, one of which needs no demonstration, while 
the other is beyond the reach of proof. The victims like 
to believe, and they do not like to be undeceived. Science 
is perfectly powerless in the presence of this frame of 
mind. It is, moreover, a state perfectly compatible with 
extreme intellectual subtlety and a capacity for devising 
hypotheses which only require the hardihood engendered 
by strong conviction, or by callous mendacity, to render 
them imprognable, The logical focblencss of science is 
not sufficiently borne in mind, It keepe down the weed 
of superstition, not by logic but by slowly rendering the 
mental soil unfit for its cultivation. When science appeals 
‘to uniform experience, the spiritualist will retort, ‘How 
do you know that a uniform experience will continue 
uniform? You tell me that the sun has risen for six 
thousand years: that is no proof that it will rise to-mor- 
row; within the next twelve hours it may be puffed out by 
the Almighty.” Taking this ground,s man may maintain 




















the story of ‘ Jack and the Beanstalk’ in the fae of all 
the science in the world. You urge, in vain, that science 
has given us all the knowledge of the universe which wo 
now possess, while spiritualism has added nothing to that 
knowledge. The drugged soul is beyond the reach of 
reason. It is in vain that impostors are exposed, and the 
spocial demon east out. He has but slightly to change 
his shape, return to his house, and find it ‘empty, swept, 
and garnished? 


December WO, 1364, 


PART IL 





INTRODUCTION, 


on 


consequence of their special character, the Fragments 
of Part IT. have been separated from the more purely 
scientific ones of Part I., and placed together in the order 
of their publication, ‘Thus presented, they will, I think, 
make it plain that, within the last two years, [ have added 
no material iniquity to the list previously recorded against 
me. I have gone carefully over them all this year in Swit- 
gerland, bestowing special attention upon the one which has 
given most offence. To the judgment of thoughtful men 
I now commit them : the unthoughtful and the unfair will 
not read them, though they will continue to abuse them, 
Thave no desire to repay in kind the hard words already 
thrown at them.and me; but a simple comparison will 
make clear to my more noisy and unreasonable assailants 
how I regard their position. To the nobler Bereans of the 
press and pulpit, who have honoured me with their atten- 
tion, Ido not now refer. Webster defines equatter as one 
who settles on new land without a title. This, in regard 
to Anthropology and Cosmogony, I hold to have been 
the position of the older theologians; and what their 
heated successors of to-day denounce as ‘a raid upon Theo- 
logy,’ ix, in my opinion, a perfectly legal and equitable at- 
tempt to remove them from ground which they have no 


right to hold. 
If the title oxist, let it be produced. It is not the 
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entertain, that the Bishop of Natal suffered persecution; 
it was for his public fidelity to scientific truth, as far as 
his lights extended, that he was branded, even during his 
recent visit; to. this country, as an ‘excommunicated 
heretic” The courage of Dean Stanley and of the Master 
of Balliol, in reference to this question, disarmed. indig- 
nation, and caused the public to overlook a wrong which 
might not otherwise have been endured. 

‘The liberal and intelligent portion. of Christendom 
moust; [ take it, differentiate itself more and more, in word 
and» act, fromthe: fanatical, foolish, and more purely 
vacerdotal portion. Enlightened Roman Catholics are 
more especially bound to take action here; for the travesty 
of heaven and earth is grosser, and the attempt to impose 
it on the world is more serious, in their community than 
elsewhere. That they are more or less alive to this state 
of things, and that they ehow an increasing’ courage and 
independence in their demands for education, will be plain 
tothe: reader of the ‘Apology for the Belfast Address.” 
‘The Memorial’ there referred to was the impatient. pro- 
test’ of barristers, physicians, surgeons, solicitors, and 
scholars among the Catholics thomselves.. They must not 
relax their pressure nor relinquish their demands, For 
their spiritual guides live so exclusively in the pro-scion- 
tific past, that even the really strong intellects among 
them are reduced to atrophy as regards scientific truth. 
‘Eyes they have, and see not; ears they have, and hear 
not; for both eyes and ears are taken possession of by the 
sights and sounds of another age. In relation to Sciences 
the Ultramontane brain, through lack of exorcise; is virtu- 
ally the undeveloped brain of the child. Andthusit is that 
ae children in scientific knowledge, but as potent wielders 
of spiritual power among the ignorant, they countenance 
‘and enforce practices sufficient to bring the blush of shame 
to the cheeks of the more intelligent among themselves, 





Such is the force of early education, when maintained 
and perpetuated by the habits of subsequent life; auch the 
ground of peril in allowing the schools of o nation to all 
into Ultramontane hands. Let any able Catholic stuttent, 
faiiy etnected un 0 ee ee 
a real scientific grasp of the and organisation of 
this universe, Let him sit under the immeasurable heavens, 
watch the stars in their courses, sean the mysterious mebubsy, 
and try to realise what it all isand means, Let him bring 
the thoughts and conceptions which thus enter his mind 


face to face with the notions of the genesis and rule of | 


things which pervade the writings of the princes of hit 
Church, and he will see and feel what drivellers even men 
of strenuous intellects may decome, through exelusively 
dwelling and dealing with theological chimeras. 

But, quitting the more grotesque forms of the Theolo~ 
gical, I already see, or think I see, emerging from recent 
discussions, that wonderful plasticity of the Theistic Idea 
whieh enables it to maintain, many changes, its 
hold upon suporior minds; and which, if it in to Inst, 
will eventually enable it, to shape itself in accordance with 
scientific conditions. I notice this, for instance, in the 
philosophic sermon of Dr. Quarry,and more markedly still 
in that of Dr. Ryder. ‘There pervades,’ says the Reetor 
of Donnybrook, ‘these atoms and that illimitable universe, 
that “choir of heaven and furniture of carth,” which of 
such atoms is built up, a certain forces, known in its most 
familiar form by the name of “life,” which may be re 
garded as the ultimate essence of matter? pee so 
of the awful search of the intellect for the infinite Creator, 
and of the grave difficulties which encompass the subject, 
the same writer saya: * We know from our. “senses finite 
existences only. Now we cannot logically infer the ex- 
istonce of an infinite God from the greatest conceivable 
‘number of finite existences, There must always obviously 








‘be more in the conclusion than in tho premisses,’ Such 
language is new to the pulpit, but it will become less and 
Jess rare. It is not the poets and philosophers among our 
theologians—and in our day the philosopher who wanders 
beyond the strict boundary of Selence is more or less 
merged in the poet—it is not these, who feel the life of 
religion, but the mechanics, who cling to its scaffolding, 
‘that are most anxious to tie the world down to the un- 
tenable conceptions of an uncultivated past. 

Before me is another printed sermon of a different 
character from those just referred to, It is entitled 
*The Necessary Limits of Christian Evidences’ Its 
author, Dr. Reichel, has been frequently referred to as an 
authority, particularly on personal subjects, during recent 
discussions. The sermon was first preached in Belfast, 
and afterwards, in an amplified and amended form, in 
the Exhibition Building in Dublin. In passing, T would 
make a eingle remark upon ite opening paragraph. This 
contains an argument regarding Christ which I have fro- 
quently hoard used in substance by good men, though never 
before with the grating emphasis hereemployed. *The re- 
surrection of our Saviour; says Dr. Reichel, *is the central 
fact of Christianity. Without His resurrection, His birth 
and His death would have been alike unavailing; nay 
more, if He did not rise from the dead, His birth was the 
irth of a bastard, and His death the death of an impostor.’ 
This mny be ‘ orthodoxy;” but entertaining the notions 
that I do of Christ, and of His incomparable life upon the 
earth, if the momentary use of the term ‘blasphemy’ 
were granted to me by my Christian brethren, I should 
feel inclined to employ it here. 

Better instructed than he had been at Belfast, the 
orator in Dublin gave prominence to a personal argu- 
ment which I have noticed elsewhere.’ He has been 
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the laboratory is a ‘study’ in which symbols give place 
to natural facts. The word Mesopotamia is said to havea 
sacred unction for many minds, and possibly the title of 
my ‘ Inaugural Dissertation’ at Marbung may have an effect: 
of this kind on my right reverend and reverend critics of 
the new mathematical echool. Here accordingly it is 
Die Schraubenfliche mit geneigter Erzeugungelinie, 
und die Bedingungen des Gleichgowichts auf golchon 
Schrauben.’ A little tenderness may, perhaps, flow 
towards me, after these words have made it known thab 
T began my narrow scientific life less as an experimentalist 
than as a mathematician. 

If, as asserted, ‘the highest mathematical intellects of 
President,’ it would be their bounden duty not to reet eon- 
tent with this mere second-hand utterance. They ought 
‘to permit the light of life to stream upon us directly from 
themselves, instead of sending it through the rude pole- 
moscope! of Dr. Reichel. But the point of importance 
to be impressed upon him, and upon those who may be 
tempted to follow him in his adventurous theories, is, 
that out of Mathemutics no salvation for Theology can 
possibly come. 


By such reflections Lam brought face to face with an 
essay to which my attention has been directed hy several 
estimable, and indeed eminent, persons, as demanding 
serious consideration at my hands, I refer with pleasure 
to the accord subsisting between the Rev. James Marti- 
eau and myself on certain pointe of biblical Cos- 
mogony. ‘In so far,’ sys Mr. Martineau, * as Church be- 
lief is still committed to a given Cosmogony and natural 
| “F< Ag oblique parvpective PA pdt Be Yoh fe 
the eyen’—Wetwter, To more 
‘coarseness of construction, 
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At the outset of bis Address Mr, Martineau states with 
some distinctness hix ‘sources of religious faith.’ They 
are two— the scrutiny of Nature’ and ‘the interpretation 
of Sacred Books.’ It would have been a theme worthy of 
his intelligence to have deduced from these two sources 
his religion as it stands. But not another word is said 
about the *Sacred Books.’ Having swept with the besom 
of Science various * books * contemptuously away, he does 
not define the Sacred residue; much less give us the 
reasons why he deems them sacred. His references to 
* Nature, on the other hand, are magnificent timdes 
against Nature, intended, apparently, to show the wholly 
abominable cliaracter of mnn’s antecedents if the theory 
of evolution be truc. Here also his mood lacks steadiness, 
While joyfully accepting, at one place, * the widening space, 
the deepening vistas of time, the detected marvels of physio- 
Jogical structure,and therapid filling-in of the missing links 
4n the chain of organic life,” he falls, at another, into lament= 
ation and mourning over the very theory which renders 

“organic life’‘a chain.’ He claims the largest liberality for 
his sect, and avows its contempt forthe dangers of possible 
discovery. But immediately afterwards he damages the 
claim, 4nd ruins all confidence in the avowal. He professes 
sympathy with modern Science, and almost in the same 
breath he treats, or certainly will be understood to treat, 
the Atomic Theory, and the doctrine of the Conservation 
of Energy, as if they were a kind of scientific thimble- 
riggery- 

‘His ardour, moreover, renders him inaccurate; causing 
‘him to #ce discord between scientific men, where nothing 
but harmony reigns. In his celebrated Addroes to tho 
Congress of German Nuaturforscher, delivered at Leipzig, 
three years ago, Du Bois Reymond speaks thus: ‘What 
conesivable connection subsists between definita move- 
ments of definite atoms in my brain, on the one band, 





. 
‘Tho affluence of illustration,” writes an able a 

pathetic reviewer of thie essay, in the * New | 

‘in which Mr. Martineau often impairs the distinet- 

ness of his statements by diverting the 

reader from the essential points of his discussion 

beauty of his imagery, and thus diminishes | 

conviction. ‘Tothebemaierbererefered ‘oT bear willing, 








the strictest justice ought to be, and I willingly believe is 
meant to be, observed. 

In one of his nobler passages Mr. Martineau tells us 
how the pupils of his college have been educated hitherto: 
* They have been trained under the assumptions (1st) that 
the Universe which includes us and folds us round is the 
life-dwelling of an Eternal Mind ; (2nd) that the world of 
our abode is the scene of a moral government, incipient 
but not complete; and (3rd) that the upper zones of 
human affection, above the clouds of self and passion, 
take us into the ephere of a Divine Communion. Into 
this overarching scene it is that growing thought and 
enthusiasm have expanded to catch their light and fire,” 

Alpine summits must kindle above the mountaineer 
who reads these stirring words ; I see their beanty and feel 
their life. Nay, in my own feeble way, at the close of one of 
the essays here printed, I thus affirm the ‘Communion’ 
which Mr. Martineau calls ‘ Divine’: ‘“ Two things," said 
Immanuel Kant, “fill me with awe—the starry heavona,and 
the sense of moral responsibility in man,” And in his hours 
of bealth and strength and sanity, when the stroke of action 
has ceased, and the pause of reflection has xt im, the scion= 
tific investigator finds himself overshadowed by the same 
awe. Breaking contact with the hampering details of earth, 
it associates him with a’ power which gives fulness and tone 
to hia existence, but which he can neither analyse nor 
comprehend,’ ! 

In the first Profs to the * Belfast Address" I reforred to ‘hours of 
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—denied, I may say, to sot 
and noblest men in this ani 
core of his emotions. 

In fact, it is when Mr. Ma 
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purely subjective that he reject 
just and liberal tribute to the 
Mill. But in the light of Mill’, 
honour, purity, having ‘ shrunk 
subjective susceptibilities, have 
Omniscient approval, and all pre: 
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| to be seen, or to pass from a divine hue of thinking into 
| ‘a human pattern of thought.” This is very beautiful, and 
| mainly eo bedanse the wan who! ttters it obviomly 
ene all out of the treasury of his own heart. But 

| thie ‘Ie’ and ‘pattern’ here so finely spoken of, are 
| neither more nor less than that ‘emotion,’ on the one 
hand, and that ‘objective knowledge, on the other, 
which have drawn this suicidal fire from Mr, Martinesu's 

battery. 

Tnow come to one of the most serious portions of 
‘Mr. Martinean's pamphlet—serious far lest on account of 
its “personal errors,’ than of its intrinsic gravity, though 
its author bas thought fit to give it a witty and sarcastic. 
tone. He analyses and criticises ‘the materialist 
doctrine, which, in our time, is proclaimed with so much 
pomp, and resisted with so much passion, “ Matter is all 
{ wunt,” says the physicist ; “ give me its atoms alone, and 
I will explain the universe."” It is thought, even by Mr. 
Martinean’s intimate friends, that in this pamphlet he is 
answering me. I must therefore ask the reader to con- 
trast the foregoing travesty with what T really do say 
atoms; *I do not think that he [the material- 
ist] is entitled to say that his molecular groupings and 
motions explain everything. In reality, they explain 
nothing. Tho utmost he can affirm is the association of 
two classes of phenomena, of whose real bond of union he 
is in absolute ignorance."! This is very different from 
saying, * Give me its atoms alone, and I will explain the 
universe.’ Mr. Martineau continues his dialogue with the 
physicist: ** Good,” he sys; “take as many atoms as 
‘you please, See that they have all that is requisite to Body 
[o metaphysical BJ, being homogencous extended aolids.” 
“That ig not enough,” he replies; “it might do for 
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between the two classes eile would still remain 
intellectually 

Compare this with the answer which Mr. Martineau 
puts into the mouth of Ais physicist, and with which I am 
generally credited by Mr. Martinean’s readers: ‘It [the 
problem of consciousness] does not daunt me at all, Of 
course you understand that all along my atoms have been 
affected by gravitation and polarity; and now [ have only 
to insist with Fechner on a difference among molecules: 
‘there are the inorganic, which can change only thelr 
place, \ike the particles in an undulation ; and there are 
the organic, which can change their order, as ina globule 
that turns itself inside out. With an adequate number 
of these, our problem will be manageable.” “Likely 
enough,” we may say [“ entirely unlikely,” say I), “seeing 
how careful you arc to provide for all emergencies; and 
if any hitch should occur in the next stop, where you will 
jhave to pass from mere sentiency to thought and will, you 
ean again look in upon your atoms, and fling among them 
@ handful of Leibnitz’s monads, to serve as souls in little, 
and be ready, in a lutent form, with that Vorstellungs- 
fihigkeit which our picturesque interpreters of nature 20 
much prize.”” 

*But surely,’ continues Mr. Martineau, ‘you must 
obeerve that this “ matter” of yours alters its style with 
every change of service: starting as a beggar, with scarce 
arag of “property” to cover its bones, it turns up asa 
prince when large undertakings are wanted, “We must 
yadically change our notions of matter,” says Profesor 
‘Tyndall ; and then, he ventures to believe, it will answer 
all demands, carrying “the promise and potency of all 
terrestrial life.” If the measure of the required “ change 
in onr notions” had been specified, the proposition would 

Butler's reply to tho Lucrotian fn tho * Belfast Addrvas* is all 


‘in the samo strmin, 





have had a real meaning, and been susceptible of a test. 
It is easy travelling through the stages of such an hypo- 
thesig; you deposit at your bank a round sum ere you 
start, and, drawing on it piceemeal at every pause, com- 
pleto your grand tour without a dvbt.? 

The last paragraph of this argument is forcibly 
and ably stated. On it I am willing to try conclusions 
with Mr. Martineau, I may say, in passing, that I share 
his contempt for the picturesque interpretation of naturo, 
if accuracy of vision be thereby impaired. But the term 
Vorstellungs-fahigkeit, aa used by me, means the power of 
definite mental presentation, of attaching to words the 
corresponding objects of thonght, and of seeing these in 
their proper relations, without the interior haze und waft 
peoumbral borders which the theologian loves. To this 
mode of ‘interpreting nature’ I shall to the best of my 
ability now adhere. 

Noither of us, I trust, will be afraid or ashamed to 
begin at the alphabet of this question. Our first effort 
must be to understand each other, and thie mutual under- 
standing can only be ensured by beginning low dawn. 
Physically speaking, however, we need not go below the 
sea-level. Let us then travel in company to the Caribbean 
Sea, and halt upon the heated water. What is that sea, 
and what is the sun which heats it? Answering for my- 
solf, I eny that they are both matter, I fill o gines with 
‘the eea-water and oxpore it on the deck of the veasel; after 
some time the liquid has all disappeared, and left a solid 
residue of salts in the glass behind. We have mobility, 
invisthility—apparent annihilation. Tn virtue of 

‘Tho glad snd secrvt nid 

‘Tho mua wnto the orean paid, 
the water has taken to itself wings and flown off as 
vapour, From the whole surface of the Caribbean Sea 
such vapour is rising: and now we must follow it—not 
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‘upon our legs, however, nor in a ship, nor evenin a 
bulloon, but by the mind's eye—in other words, by that 
power of Vorstellung which Mr, Martineau knows so well, 
and which he so justly scorns when it indulges in loose 
practices. 

Compounding, then, the northward motion of the 
vapour with the carth’s axial rotation, we track our fugitive 
through the higher atmosphoric regions, obliquely across 
the Atlantic Ocean to Western Europe, and on to our 
familiar Alps, Here another wonderful motamorphosis 
oceurs. Floating on the cold calm air, and in presence 
of the cold firmament, the vapour condenses, not only 
to particles of water, but to particlos of crystalline 
water. ‘These coalesce to stars of snow, which fall 
upon the mountains in forms so exquisite that, when first 
seen, they never fail to excite rapture, As to beauty, in- 
deed, they put the work of the lapidary to shame, while 
ae to accuracy thoy render concrete the abstractions of 
the geometer, Are these crystals ‘matter’? Without 
presuming to dogmatise, I answor for myself in the 
affirmative, 

Still, a formative power has obviously here come into 
play which did not manifest itself in either the liquid or 
the vapour. The question now is, Was not the power 
potential’ in both of them, requiring only the proper 
conditions of temperature to bring it into action? Again 
I answer for myself in the affirmative, I am, however, 
quite willing to discuss with Mr, Martineau the alterna- 
tive hypothesis, that an imponderable formative goul unites 
itself with the substance after its escape from the liquid 
stato, If heshould espouse this hypothesis, then I should 
demand of him an immediate exercise of that Vorstel- 
lungs-fAhigkeit, with which, in my efforts to think clearly, 
Tecan never dispense. I should ask, At what moment did 
the soul come in? Did it enter at once or by degrees~ 
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perfect from the first, or growing and ti 
contemporaneously with its own 2 1 
also ask whether it is localised or diffused ? Does it 
move about as a lonely builder, putting the bits of solid: 
water in their places as soon as the proper 
has sot in? or is it distributed through the entire mass 
of the crystal? If the latter, then tho soul has the shape 
of the erystal; but if the former, then I should enquire 
after its chape. Has it legs or arma? If not, I would 
ask it to be made clear tome how a thing without thees 
appliances can act so perfectly the part of a builder? (I 
insist on definition, and ask unusual questions, if baply E 
might thereby banish unmeaning words.) What were 
the condition and residence of the soul it joined 
the crystal? What becomes of it when the crystal 
is dissolved ? Why should a particular temperature be 
needed before it can exercise its vocation? Finally, is 
the problem before usin any way simplified by the assump- 
tion of its existence? I think it probable that, after a 
full discussion of the question, Mr. Martineau: 

with me in uscribing the building power displayed in the 
crystal to the bits of water themselves, At all events, I 
should count upon his sympathy so far as to believe that 
he would consider any one unmannerly who would de 
nounce me for rejecting this notion of a separate soul, and 
for holding the snow-crystal to be § matter? 

But then what an astonishing addition is hero 
made to the powers of matter! Who would have dreamt, 
without actunlly secing its work, that such = power 
locked up in a drop of water? All that we needed 
to make the action of the guid intelligible was the 
assumption of Mr, Martincan’s “homogeneous extended 
atomic solids,’ smoothly gliding over one another. But 
had we suppoeed the water to bs nothing more than this, 
we should have ignorantly defrauded it of an intrinsic 
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architectural power, which the art of man, even when 
pushed to its utmost degree of refinement, is incompetent 
‘to imitate, [would invite Mr. Martinean to consider how 
inappropriate his figure of a fictitious bank deposit be- 
comes under these circumstances. The ‘account current" 
of matter receives nothing at my hands which could be 
honestly kept back from it. If, then, “Democritus and 
the mathematicians’ 80 defined matter as to exclude the 
powers here proved to belong to it, they were clearly 
wrong, and Mr. Martineau, instead of twitting me with 
my departure from them, ought rather to applund me for 
correcting them. 

‘The reader of my small contributions to the literature 
which deals with the overlapping margins of Science and 
Theology, will have noticed how frequently I quote Mr. 
Emerion. [ do so mainly because in bim we have a poct 
and « profoundly religious man, who is really and entirely 
undaunted by the discoveries of Science, past, present, or 
prospective. In his case Poetry, with the joy of a bac 
ehanal, takes her graver brother Science by the hand, and 
cheers him with immortal laughter. By Emerson scientific 
conceptions are continually transmuted into the finer 
forms and warmer hues of an ideal world. Qur present 
theme is touched upon in the lines— 

‘Tho journeying atoms, primordial wholes 

Firmly draw, firmly drive by their animate poles. 
As regards veracity and insight these few words outweigh, 
im my estimation, all the formal learning expended by 
Mr. Martineau in these disquisitions on Foree, in which 
he treats the physicist as a conjuror, and speaks eo wittily 
of atomic polarity, In fact, withont this notion of polarity 
—this * drawing ' and ‘driving —this attraction and re- 
pulsion, we stand as stupidly dumb before the phenomena 
of Crystallisation as a Bushman before the phenomena of 
the Solar System. The genesis and growth of the notion 
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‘of this soul to be az untenable and as ueeleze ag Ido. But 
then if the power to build a tree be conceded to pure 
at what an amazing expansion of our notions of the 

of matter’ is implied in the concession! Think of 
Snpeeage the earth, and of the solar light and heat— 
was ever such necromancy dreamt of as the production of 
that massive trunk, thoe ewaying boughs and whispering 
leaves, from the interaction of these three factors? In this 
interaction, moreover, consists what we call life. It will 
be seen that I am not in the least inscnaible to the 
wonder of the tree; nay, I should not be surprised if, in 
the presence of this wonder, I feel more perplexed and 
overwhelmed than Mr. Martineau himself, 

Consider it for a moment. There is an experiment, 
first made by Wheatstove, where the music of a piano is 
transferred from its sound-board, through a thin wooden 
rod, across several silent rooms in succession, and poured 
out at a distance from the instrument. The strings of 
the piano vibrate, not singly, but ten ata time. Every 
string subdivides, yielding not one note, but a dozen. All 
these vibrations and subvibrations are crowded together 
into a bit of deal not more than a quarter ofa squareineh 
in section. Yet no note is lost. Each vibration nsserts 
its individual rights; and all are, at last, shaken forth 
into the air bya second sound-board, against which the 
distant end of the rod presses, Thought ends in amaze 
ment when it sceks to realize the motions of that rod as 
the music flows through it. I turn to my tree and 
observe its roots, its trunk, its branches, and its leaves. 
As the rod conveys the music, and yields it up to the 
distant air, so does the trunk convey the matter and the 
motion—the shocks and pulses and other vital actions— 
which eventually emerge in the umbrageous foliage 
of the tree. I went some time ago through the green- 
house of a friend. He hnd ferns from Ceylon, the 





and Heaven, between etornal pleasuros and eternal paing, 
proves that, even after death, souls occupy a place and are 
corporeal. God only is incorporeal.’ Tertullian, moreover, 
was quite a physicist in the definiteness of his conceptions 
regarding the soul. ‘Tbe materiality of the soul,’ be says, 
“is evident from the evangelists. A human soul is there 
expressly pictured as suffering in hell ; it is placed in the 
middle of a flame, its tongue fecls a crucl agony, and it 
implores a drop of water at the hands of a happier soul. 
Wanting materiality, adds Tertullian, * all this would be 
without meaning. One wonders what would have happened 
to thia great Christian Father amid the roaring lions of 
Belfast. Could its excellent, press have shielded him 
from its angry pulpits as it sheltered me?! 

T have glanced at inorganic nature—at the sea, and 
the sun, and the vapour, ond the snowflake, and at 
organic nature as represented by the fern and the onk. 
‘That same sun which warmed the water and liberated the 
vapour, exerts a subtler power on the nutriment of the 
troe. It takes hold of matter wholly unfit for the purposes 
of nutrition, separates its nutritive from its non-nutritive 
portions, gives the former to the vegetable, and carries 
the others away. Planted in the earth, bathed by the air, 
and tended by the sun, the tree is traversed by its sap, the 
cells are formed, the woody fibro is spun, and the whole 
is woven to a texture wonderful even to the naked eye, but 
‘a million-fold more so to microscopic vision. Does con~ 

# ‘Tho foregoing extmots, which M. Alglavo rently brought to light for 
tho benofit of the Bishop of Orlonns, azo takon from the sixth Lecturo of the 
“Cours d'Histoire Moderne of that mort orthodox of staterman, M. Guizot. 
*Teould multiply, contiauee M. Guirot, * theso citations to infinity, and they 
prove that in the first centurion of our ora the materiality of the soul was 
on opinion oot only permitted, but deminant,’ Dr. Moriarty, and the 
‘synod which ho recently addroseed, obviously forget their own antecodents, 
‘heir Hearted wreconsion from the early Church rooders thom tho disect 
‘offepeing of « ‘materialixm’ moro ‘brutal” Uian any over enunciated 
Ly mo. 
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sciousness mix in any way with theee processes? No man 
can tell, Our only ground for a negative conclusion is the 
absence of thoxe outward manifestations from whieh 
feeling is usually inferred. But even these are not 
entirely abyent. In the greenhouses of Kew we may see 
that a leaf can close, in response to a proper stimulus, as 
promptly os the human fingers themselves; and while 
there Dr, Hooker will tell us of tho wondrous 

and fiy-devouring power of the Dionma, No man can 
say that the feclings of the animal are not represented by 
a drowsier consciousness in the vegetable world. At all 
events, no line has ever been drawn between the conseious 
and the unconscious; for the vegetable shades into the 
animal by such fine gradations, that itis impossible tomy 
where the one ends and the other bogins, 

Tn all such enquiries we are necessarily limited by our 
own powers: we observe what our sensos, armed with the 
aids furnished by Science, enable us to observe; nothing 
more. The evidences as to consciousness in the vegetable 
world depend wholly upon our capacity to observe and weigh 
them. Alter the capucity, and the evidence would alter 
too, Would that which to us is a total absence of any 
manifestation of consciousness be the same to a being with 
our capscities indefinitely multiplicd? To such a being 
1 can imagine not only the vegetable, but the mineral 
world, responsive to the proper irritants, the response 
differing only in degree from those exaggerated manifesta- 
tions, which, in virtue of their grosses, appeal to our 
weak powers of observation. 

Our conclusions, however, must be based, not on 
powers that we can imagine, but upon those that we possess. 
What do they reveal ? Ax the earth and atmosphere offer 
themselves as the nutriment of the vegetable world, so 
does the latter, which containe no constituent not found 
in inorganic nature, offer itself to the animal world. 
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Mixed with certain inorganic substances—water, for 
example—the vegetable constitutes, in the long run, the 
sole sustenance of the animal. Animals may be divided 
into two classes, the first of which can utilise the vegetable 
world immediately, having chemical forces strong enough 
to cope with its moet refractory parts; the second class 
use the vegetable world mediately ; that is to say, after ite 
finer portions have been extracted and stored up by the 
first. But in neither class have we an atom newly created. 
‘The animal world is, so to say, a distillation through the 
vegetable world from inorganic nature. 

From this point of view all three worlds would consti- 
tute a unity, in which I picture life as immanent every- 
where. Noram I anxious to shut out the idea that the life 
here spoken of, may be but a subordinate part and function 
of a Higher Life, as the living, moving blood is subordi- 
nate to the living man. I resist no such idea as long as 
it is not dogmatically imposed. Left for the human mind 
freely to operate upon, the idea has ethical vitality ; but, 
stiffened intoa dogma, the inner force disappears, and the 
outward yoke of a usurping hierarchy takes its place. 

The problem before us is, at all events, capable of 
definite statement. We have on the one hand strong 
grounds for concluding that the earth was once a molten 
mass. We now find it not only swathed by an atmo- 
sphere, and covered bya sea, but also crowded with living 
things. The question is, How were they introduced ? 
Certainty may be as unattainable here as Bishop Butler 
held it to be in matters of religion ; but in the contempla- 
tion of probabilities the thoughtful mind is forced to take a 
side. The conclusion of Science, which recognises unbroken 
causal connection between the past and the present, would 
undoubtedly be that the molten earth contained within 

it elements of life, which grouped themselves into tied 
present forms as the planet cooled. The difficulty and re- 





luctance encountered by this conception, arise solely from 
the fact that the theologic conception obtained a prior 
footing in the human mind. Did the latter depend upon 
reasoning alone, it could not hold its ground for an hour 
against its rival. But it is warmed into life and strongtk 
‘by associated hopes, fears, and expectations—and not 
only by these, which are more or less mean, but by that 
loftiness of thought and feeling which lifts its possessor 
abave the atmosphere of self, and which the theologic 
idea, in its nobler forms, has through ages engendered 
in noble minda, 

Were not man's origin implicated, we should necopt 
without @ murmur the derivation of animal and vegetable 
life from what we call inorganie natore. The conclu. 
sion of pure intellect points this way and no other. But 
this purity is troubled by our interests in this life, and by 
our hopes and fears regarding the life to come, Reason 
is traversed by the emotions, anger rising in the weaker 
heads to the height of suggesting that the compendious 
shooting of the enquirer would be an act agreeable to God 
and serviceable to man. But this foolishnoss is more than 
neutralised by the sympathy of the wise; and in England 
at least, so long as the courtesy which befits an earnest 
theme fs adhered to, such sympathy is ever ready for an 
honest man. None of us here need shrink from saying: 
all that he has a right to sexy. We ought, however, to m= 
member that it is not only a band of Jesuits, weaving their 
schemes of intellectual elavery, under the innocent guise of 
“cdueation,’ that we are opposing. Our foes are to some 
extont thoy of our own housohold, including not only the 
ignorant and the passionate, but a minority of minds of 
high calibre and culture, lovers of freedom, marvover, who, 
though its objective hull be riddled by logic, still find thu 
ethic life of their religion unimpaired. But while such con= 
sid ought to influence the form of our argument, 


















and prevent it from ever slipping out of the region of 
courtesy into that of ecorn or abuse, its substance, I think, 
ought to be maintained and presented in unmitigated 


In the year 1855 the chair of philosophy in the Uni- 
‘versity of Munich happened to be filled bya Catholic priest 
of great critieal penetration, great learning, and great 
courage, who bore the brunt of battle long before Dél- 
linger. Hie Jesuit colleagues, he knew, inculeated the 
Deliof that every human soul is sent into the world from 
God by a separate and supernatural act of creation. In a 
work entitled *‘The Origin of the Human Soul,’ Professor 
Frobschammer, the philosopher here alluded to, was hardy 
enough to question this doctrine, and to affiom that man, 
‘body and soul, comes from his parents, the act: of creation 
being, therefore, mediate and secondary only, The Jesuits 
keep a sharp look out on all temerities of this kind, and 
their organ, the ‘ Civilta Onttolicay immodiately pounced 
upon Frohschammor, His book was branded as ‘peatilent,’ 
placed in the Index, and stamped with the condemna- 
tion of the Ohureh.! 

Tt will be seen in the ¢ Apology for the Belfast Addrexs* 
how simply and beautifully the great Jesuit: Perrone causes 
the Almighty to play with the sun and planets, desiring 
this one to stop, and another to move, according to His 
pleasure. ‘Lo Perrone’s Vorstellung God is obyiously a 
large Individual who holds the leading-strings of the 
Universe, and orders its steps from a position outside it 
all. Nor does the notion now under consideration err on the 


+ King Maximilian It. brought Liobig to Munich, ho helped Helmholte in 
his researchos, und loved to tibornto and foster science. Dut through his 
Jiberal concession of power to tho Jesuits in the schools, be did far more 
aumage to the intelloetaal freedom of his country than his superstitions prox 
deceasor Ladwig I. Priding himself on being a Gorman prines, Ladwig 
‘would not tolerite the interference of tho Roman party with the political 
affine of Bavaria. 
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score of indefiniteness. Aceortling to it, the Power whom — 
Goethe does not dare to name, and whom Gassendi and — 
Clerk Maxwell present to us under the guise of a * Manu 
faeturer’ of atoms, turns out annually, for England and 
Wales alone, a quarter of a million of new souls. Taken 
in connection with the dictum of Mr. Carlyle, that this / 
annual incremont to our population are “mostly fools, but 
little profit to the human heart seems derivable from this 
modo of regarding the Divine operations. 

But if the Jesuit, notion be rejected, what are we to 
accep? Physiologists say that every human being comes 
from an egg, not more than the -}5th ofan inch in diameter 
Is this egg matter ? I hold it to be so, as much as the seed 
of a forn or of an oak. Nine months go to the making of it 
into aman. Aro the additions made during this period of 
gestation drawn from matter? I think so undoubtedly. If 
there be anything besides matter in the egg, or in tho in- 
fant subsequently slumbering in the womb, what is it? The 
questions already asked with reference to the stars of smow 
may be here repeated. Mr. Martineau will complain that 
Tam disenchanting the babe of its wonder; but is this the 
cae? I figure it growing in the womb, woven by a some- 
thing not iteclf, without conscious participation on the 
part of either father or mother, and appearing in due 
time, a living mimele, with all its organs and all their’ 
implications. Consider the work necomplished daring 
these nine months in forming the eye alone—with its lens, 
and its homours, and its miraculous retina behind. Con< 
sider the ear with its tympanum, cochlea, and Corti's 
organ—an instrument of three thousand strings, built 
adjacent to the brain, and employed by it to sift, 
*eparnte, and interpret, antecedent to all consciousness, 
the sonorous tremors of the oxternal world. All this bas 
heen accomplished, not only without man’s contriv- 
ance, but without his knowledge, the socret of hi own 
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organisation having been withbeld from him since his 
hirth in the immeasumble past, until the other day. 
Matter I define as that mysterious thing hy which all 
this is accomplished. How it came to have this power 
is o question on which I never ventured an opinion. If, 
then, Matter starte as ‘a beggar) it is, in my view, 
eeause the Jacobs of theology have deprived it of ite 
birthright. Mr. Martineau need fear no disenchantment. 
Theories of evolution go but a short way towards the 
explanation of this mystery; while, in its presence, the 
notion of an atomic Manufacturer and Artificer of souls 
raises the doubt, whether those who entertain it were ever 
really penetrated by the solemnity of the problem for 
which they offer such a solution. 
‘There are men, and they include amongst them some 
of the best of the race of men, upon whose minds this 
falls without producing either warmth or colour. 
The ‘dry light’ of the intellect suffices for them, and 
they live their noble lives untouched by a desire to give 
the mystery shape or expression. There are, on the other 
hand, men whose minds are warmed and coloured by its 
presence, and who, under its stimulus, attain to moral 
heights which have never been oyvertopped. Different 
spiritual climates are necessary for the healthy existenco 
‘ef these two classes of men; and different climates must 
be accorded them. The history of humanity, however, 
proves the experience of the second class to illustrate the 
most pervading need. The world will have religion of 
some kind, even though it should fly for it to the intel- 
Jectual whoredom of ‘spiritualiem. What is really wanted 
is the lifting power of an ideal clement in human life. 
But the free play of this power must be preceded by ita 
release from the torn swaddling bands of the past, and 
from the practical materialism of the present. Tt is now 
in danger of being strangled by the one, or stupefied by 
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the other. I look, however, forward ta a time when the 
strength, insight, and elevation which now visit us ix 
mere hinty and glimpsos during moments ‘of clearness 
and vigour,’ shall be the stable and permanent posscssioa 
of purer and mightier minds than oure—purer and 
mightier, partly because of their deeper knowledge of 
matter and their more faithful conformity to its laws. 


Joux Trxpaut. 





Axmevaese Crum; November 1875, 
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the priest's blessing; still, he deemed his prayer different 
in kind from a request to opena new river-cut, or to cause 

— the water to flow up-hill. 
= In a similar manner self-satisfied Protestants smile 
= at the honest Tyrolese priest, who, when he feared the 
™ bursting of a glacier dam, offered the sacrifice of the Mass 
= upon the ice as a means of averting the calamity. That 
+ poor man did not expect to convert the ice into adamant, 
* or tostrengthen its texture, so as to enable it to withstand 
* the pressure of the water; nor did he expect that his 
sacrifice would cause the stream to roll back upon its 
source and relieve him, by a miracle, of its presence. But, 
beyond the boundaries of his knowledge lay a region where 
rain was generated, he knew not how. He was not s0 
presumptuous as to expect a miracle, but he firmly believed 
that in yonder cloud-land matters could be so arranged, 
without trespass on the miraculous, that the stream which 
threatened him and his flock should be caused to shrink 

witbin its proper bounds. 

Both these priests fashioned that which they did not 
understand to their respective wants and wishes. In their 
case imagination came into play, unconditioned by a know- 
ledge of laws. A similar state of mind was long prevalent 
among mechanicians. Many of these, and some of them 
extremely skilful ones, were occupied a century ago with 
the question of perpetual motion. They aimed at con- 
structing a machine which should execute work without 
the expenditure of power; and some of them went mad 
in the pursuit of this object. The faith in such a con- 
summation, involving, as it did, immense personal profit 
to the inventor, was extremely exciting, and every attempt 
to destroy this faith was met by bitter resentment on the 
part of those who held it. Gradually, however, as men 
became more and more acquainted with the true functions 
of machinery, the dream dissolved. .The hope of getting 
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terms great and small are unknown. Thus the prin- 

referred to teaches us that the Italian wind, gliding 
the crest of the Matterhorn, is as firmly ruled as the 
in ite orbital revolution round the sun; and that 
fall of its vapour into clouds is exactly as much a 
of necessity us the return of the seasons, The 










rolling of the Rhone over the Grimsel precipices, down 
valley of Hasli to Meyringen and Brientz. 
It sooms toe me quite beyond the present power of 
science to demonatrate that the Tyrolese priest, or his 
colleague of the Rhone valley, asked for an * impossibility” 
in praying for good weather but Science can demonstrate 
the incompleteness of the knowledge of nature which 
Himited their prayers to this narrow ground; and she may 
Tessen the number of instances in which we ‘ask amiss,” 
by showing that we sometimes pray for the performance 
of a miracle when we do not intend it. She docs assert, 
for examplo, that without a disturbance of natural law, 
quite as eerious as the stoppage of an eclipse, or the 
rolling of the St. Lawrence up the Falls of Niagara, no 
act of humiliation, individual or national, could call one 
shower from heaven, or deflect towards us a single beara 
of the sun. 

Those, therefore, who believe that the mirculous is 
still active in nature, may, with perfect consistency, join 
in our poriodic prayers for fair weather and for rain: while 
thove who hold that the age of miracles is past, will, if 
thoy be consistent, refuse to join in such petitions, And 
if these Inttor wish to fall back upon such a justifieation, 
they may fairly urge that the latest conclusions of scionce 
are in perfect, accordance with the doctrine of the Master 
limself, which manifestly was that the distribution of 
natural phenomena is not affected by moral or religious 























causes, ‘He maketh His sun to rise on tho evil and on 
the good, and sendeth rain on the jaet and on the unju 
Granting ‘the power of Free Will in man,’ so meen 
claimed by Professor Mansel in his admirable defence: 
the belief in miracles, and aswming the efficney of ff 
prayer to produce changes in external nature, it 
follows that natural laws are more or less at the mercy 
man’s volition, and no conclusion founded on the 
permanence of those laws would be worthy of confidence, 
It is a wholesome sign for England that she numbers 
among her clergy men wise enough to understand all this, 
and courageous enough to act upto their knowledge. Sueh 
men do service to public character, by encouraging a munly 
and intelligent conflict with the real causes of disease 
and scarcity, instead of a delusive reliance on supernatural 
aid. But they have also a value beyond this local and 
temporary one. They prepare the public mind for 
which though inevitable, could hardly, without such pro- 
paration, be wrought without violence. Iron fs strong 5 
still, water in erystallising will shiver an fron 
and the more unyielding the metal is, the worse for its 
safety. There are men amongal us who would 
philosophic speculation by a rigid envelope, hoping se 
to restrain it, but in reality giving it explosive force. 
we want an illustration of this we have only to wa 


modern Rome. In England, thanks to mon of the 
to which I have alluded, scope is gradually given to sg : 






for changes of aggregation, and the envelope sl 
its form, in necordance with the necessities of the time. 


‘The foregoing remarks were first published in a little 
‘book of ming, entitled ‘Mountaineering in 1861.’ ‘They 
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were prompted by the obloquy incurred by certain minis- 
ters of the Church of England, through their refusal to 
join in an act of humiliation with roference to a bad 
harvet.! Three years after their publication we were 
threatened by cholera and invaded by the cattle plague. 
On October 5, 1865, *an order in Council commanding 9 
special form of prayer for the removal of the cattle plague, 
and the preservation of the country from cholera,’ was 
issued, and on October 9, the following article on the 
sabject appeared in the ‘Pall Mall Gazette’;— 


Praters against tie Croukma. 


It would be affectation to disguise the fact that very 
many of the more educated English laity look with small 
favour on the proposal that we should all pray, as a nation, 
for the warding off of the cholera and the removal of the 
cattle plague. Tt isnot that they are insensible to the claims 
of religion, or that they regard the physical universe as a 
self-acting machine which has gone on with its unconscious 
if from all oternity, or that they object to praying alto- 
gether. Perbaps there never was a time when a sincere 
recognition of the force of religious obligation was as 
general among men of learning and profound thought as 
it is at the present moment. Godlessness is not the chie 
acteristic of our time. Its characteristic is an ever-in- 

‘conviction of the uniformity of the operations of 
all physical law, not as a self-oristent necessity, but asa 
result of the fiat of the Eternal Mind. As 1 consequence 
of this supremacy of unchanging law it is hold that it is 
a transparent absurdity to imagine that on the petition of 
‘any man or any number of men the operations of natural 
law will be suspended. To ask of the Almighty God that 


* On such notions see quotation from Whowell, page 470. 
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‘to the cattle plague, at another to rich harvests, at: 
moreover, are not 
xesult of the boundless varieties of the action of 


‘The actual condition of the material world is totally unlike 
it would have been if man had never existed on this 
globe. We live upon the forms of vegetable and animal 
life which are created in harmony with physical law, as 
‘constrained to yield to our personal control. The chemical 
condition of the atmosphere is modified by every movement 
of our lunge, by every fire we light, by every candle we 
blow out, by every forest. we plant, by every field we drain. 
Tt is not too much to sny that the position of the centre of 
“gravity in the great globe itself can be made to move, in 
areal, though to us inappreciable degree, by the alterations 
owe work in the form of the earth’s surface. Tho remedies 
owe are now devising for the warding off of the cholera are 
in reality an intervention with the modes of operation of 
ebemical, atmospherical, and pathological law. We cannot 
alter these laws in themselves, but by the exercise of our 
wills we can compel them, like the spirits in Oriental tales 
eoereed by the seal of the mighty Solomon, to yield results 
not deadly, but life-giving. ‘Thus, then, in a most tme 
and real sense, the great Author of physical law permits 
ua, if we so please to call it, to interfere with the universe 
‘as He originally crated it. Or mther this incessant in- 
terforenes is the very condition of our own life; and 
law can only be called unchangeable with the 
‘proviso that it is to this extent changeable at the dictates 
‘of the will of man. 
Granting, then, the belief (which we are not called on 
‘to argue) that prayer is in its essence a direct intercourse 
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Petween rational beings and the Author of physical laws, 
there appears no scientific difficulty in conceiving thit, in 
reply to our solicitation, He might himself institute fresh 
combinations in their operation of the same nature as thoes 
which we ourselves undoubtedly produce every hour that 
we live, No reasonable person will deny tho abstract 
porsibility of the same modifications of the work of law, 
caused by the direct power of God, which can be neeom 
plished by us. It would, in truth, be ridiculous ‘to doabt 
it. The supremacy and unchangeablenees of law would be 
in cach case untouched. The theory of those who most 
rigorously dony the possibility of anything wearing the 
semblance of miraculous interference would not be im= 
pugned by a hair's breadth. ‘There is no need to have re= 
course to the argumentum ad verecundiam of the super- 
ficially pious, who triumphantly ask us whether the Creator 
of the universe cannot alter the laws that He himself has 
made, Themen who asked Lord Palmerston for a fast day, 
and for answer were told to look to their dminage, may 
learn that the cleansing of sewors and the offering of 
prayers, though two distinct outward ucts, are in reality 
of a nature essentially the same. What we do‘ immedi- 
ately,’ to use the technical term, with our own hands, when 
we disinfect our houses and attend to our diet, and make 
experiments in medicine, it is posible we may also do 
‘mediately,’ by entreating of God that He will supplement: 
our ignorant efforts by physical means, which bear the 
same relation as our own to existing laws, being solely 
different in that His knowledge of His own laws is complete, 
while ours is little more than a tentative guesswork. 

As we have said, in offering these suggestions we are 
not meddling with the subject under its more 
aspects. Still less are we paying an instant’s heed to the 
follies of the school that looks upon these newly recurring 
visitations of old diseases as ‘judgments,’ or ‘punishments,’ 
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az in any sense differing from the ordinary organic 
e of animal life as it goes on from day to day and 
age to age. Tt is as irreligions as it is unphiloso- 
eal to take the life of a nation or of a man, and map it 
to little sections, and call one thing a judgment and 
a blessing, and even interpret these judgments and 
ings a# being specially merited by our neighbours 
or by our own virtues. Doubtless they are all parts 
one mighty whole which we know to be harmonious 
thronghout, but which we also know to be so partially 
“understood that it is absurd to classify its fmgments, and 
ticket them in accordance with the shallow prejudices of 
the hour. The foolishness of these half-pious and wholly 
superficial religionists docs not consist in their belicring 
that cholera and cattle plagues are of Divine origin, and 
hayea meaning and a bearing on human life in its higheet 
It consists in their impudent pretence of pro- 
phetie gifte,and in the spiritual quackery with which they 
recommend remedies suggested only by an immeasurable 
selfcomplacency. Further, as to this setting apart of a 
special time for national supplication, we say nothing 
whatever concerning its wisdom or prudence; and we state 
this without the slightest arridre pensée or reserve. Our 
aim is golely to look at the question on its scientific side, 
and to suggest to those who feel acutely the difficulties 
‘which perhaps they do not like to avow, a certain solution 
whieh appears satisfactory, even to the most tender con- 
sciences, and whieh undoubtedly rests on the undeniable 
fxcts of every-day life. 













On tho day after its publication thisarticle reached my 
hands, accompanied by a note commending it as a fair 
reply to my article of 1861. The friend who sent it to me 
‘was perfectly orthodox and of high rank among selentifie 
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great majority of mane persons at the present day believe 
in the necessary character of natural laws, and it is only 
where the antecedents of a calamity are vague or disguised 
that they think of resorting to prayer to avert it. Such 
unhappily is the ease with the cholera and the cattle 
plague. With regard to them we are in a state of dark 
ness similar to that of the ancient pagan world with re- 
gard to natural phenomena generally, and hence the dis~ 
position to resort to pagan methods of meeting these 
scourgos. 


Joux Trxpatt. 
Ochoter 31, 1865. be: 





On October 17 the argument was resumed in a second 
article by the ‘Pall Mull Gazette’:— 


On Paarnk anv “rax Cronmna. 


We are tempted by Professor Tyndall's letter, which 
we published on Thursday, to return to the subject of the 
article which he criticises. He has, we think, partly 
failed in understanding the drift of our remarks. He 
attributes to us a belief in the ‘entire freedom of the 
human will’ as being ‘uncontrolled by ita antecedents,’ a 
belief which we certainly neither expressed nor intended 
to discuss, We neither contrasted the operations of the 
will with ‘natural phenomena, nor did we attempt any 
definition of its nature or powers, We simply took the 
‘human will’ as a fact in nature, and pointed out the 
character of its operations in modifying the combinations 
‘of material agoncics. That the will itself is subject to 
its own laws we do not fora moment deny; but that it 
is ‘controlled by its antecedents, in Professor Tyndall's 
language, we are very far from admitting. To whatever 
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degree its acts may be affected by its own past. history, or 
hy the influence of the past and present knowledge poe 
semod by the understanding, the existence of an apparant 
real froedom in the will is unquestionably a fact. What- 
ever be the ultimate character of this freedom, we all of 
us think we are free, and we act as if we are free. Not, 
indeed, that we act as if our freedom were absolute. Our 
freedom is restrained within certain limits, It is Himited 
by the laws of our personal character, by the habits 
of our past life, and in one man it appears te be far 
stronger and more independent than in another. But 
whether it is by the exercise of a certain real freedom of 
the will that we ventilate our houses and take other pre~ 
cautions against, contagion, or whether this froodom is = 
mere deception under which human nature labours, #0 
that we have no real choice a3 to what we will or will 
not do—just as the wheels of a locomotive cannot belp 
being whirled round and round by the foree of steam—the 
physical results are the same. And our argument as to 
these appointed prayers was based on this simple pheno 
menon in the organie life of the montal and material 
universe, Just so far a8 a man possesses an immediate 
power over the combinations of material law, just so far 
it is possible that he may be able to influence the actual 
operations of law by the entreaties he addresses tothe 
Supreme Authority of the universe, We can do much 
ourselves ; and there is no absurdity in holding that it is 
not imposible that we enay..dp.stlk mons ARSSaiaaaaes 1 
agency of these prayors, 

The second paragraph of Professor ‘Tyndall's letter 
still farther suggests the suspicion that he has not fally 
entered into the view we put forward. The theory, he 
says, would apply equally well to the beliefs of ancient 
heathens and modern eavages, who naw and see in almost 
every change of the aspects of Nature the hand of an 
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Deity ; and it justifies equally the mildest and 
extravagant belief in spontaneous interferences. 
hat: possible reasoning process aro these inferences 

cted from our statements? How does the belief 
vome results may possibly be effected by the agency 

er lead to the conclusion that we may invariably 

spect results of gigantic magnitude? What, let us ask, 

re the results of all human action upon the physical laws 
of the miverse? For one successful result of our offorts 
we not baffled a thousand times? It is said that 
ing is logically absurd, because it is like shooting’ an 
into the dark. Nobody knows, and nobody can 
whether it really does any good. But is not the 
same to be mid of almost everything we attempt? What 
haa been the result of all our speculations as to the cause 
| and nature of cholera, and as to the remodios to which it 
will yield? Nothing, or almost nothing. We have shot 
our arrows into the dark, and know not where they have 
fallen, But is that 2 reason for discontinuing our 
speculations and experiments? Far from it. How many 
_ thousind years have doctors been trying to cure diseases 
ofall kinds? And yet, to this day, what do they know, 
and what can they do? Are there yet as many as half a 
dozen really proved ‘specifics’ for ns many complaints? 
Yot thoy continue their guessings and exporimentalisings, 
and wisely continue them. The heathen and modern 
savage knew and know little or nothing of the naturo of 
Jaw, as such; but how does that affect our argument, 
which is grounded on the recognition of the absolute 
supremacy of all law? They held and hold that the 
Eternal Mind acts on caprice, and ‘spontanconsly inter- 
feres’in the government of the world. How doce that 
error dispose of a theory which rests on the hypothesis 
that God never acts on caprice, and which simply suggests 
the possibility of an extension of the laws of human action 
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attempted, however fecbly, to explain, undoubtedly applics 
to every circumstance of human life. If prayer is the 
iw pace aprile hands, and completes 

organic harmony of the entire universe, unquostion-+ 
epee recourse to it only when we are 
smitten, with a national panic. 

‘Here, indeed, is the ground for an objection to these 
national acts of supplication. If the Privy Council tell 
us to pray because the cholera is advancing from east to 
went, do they not encourage the notion that only great 
calamities come from God, and that He is a sort of 
intruder in our proper domain, which in ordinary 
wasons He leaves altogether to our own management ? 
We do not say that this is an objection which cannot be 
satisfactorily answered. Nevertheless, just as Subbatarian 
rigorism tends to promote weck-day godlessness, 40 these 
panic-+tricken supplications have a tendency to foster 

, that epicureanism in theology to which wo are all of us 
sufficiently disposed. 


‘When tho devil was wick, the dovil » saint would bo; 
‘Whau the devil got well, the devil a saint was ho. 


‘To this article I replied on the 19th in the following 
terms — 
«Do the Bowron of the * Pars, Mat. Gacerm? 

_ Sm,—Thave read with interest the letters of your earre- 
spondents ‘E, W.’ and‘ H. W. W.,' and your own thoughtful 
second article on the influence of national prayer. It gives 
me true pleasure to exchange ideas with such earnest men 
on 80 important a subject. 

Tn answer to your correspondent * E. W.’ I would first 
say that when I affirm necessity I merely affirm the result, 
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of knowledge and experience. Science shows that certain 
consequents follow certain antecedents with such undevint- 
ing uniformity that the association between antecedent 
and consequent has become inseparable im thought. We 
explain the known and predict the unknown om the at 
sumption of this inseparability. On the same ground of 
experience, the ideas of prayer and of a change in the 
course of natural phenomena refuse to be couneeted in 
thought. I believe that water will wet, that iron will 
sink in it, that fire will burn, that the san will risa to- 
morrow, and hold that no prayer at the present day will 
alter guch fucts. Both you and your correspondents prob- 
ably entertain the same opinion. You do not seem 
disposed to pray for undoubted miracles. Where the 
antecedent is perfectly clear, you prepare yourselves for 
the consequent. Now, as a matter of fact, in cases of 
nutional supplication the antecedents are often very clear 
to one class of the community, though very dark to 
another and a larger class, This explains the fact, that 
while the latter are ready to resort to prayer, the former 
decline doing so. The difference between both classes is 
one of knowledge, not of religious feeling. I turn to the 
account of the Epping cholera case, and learn that the 
people drank poisoned water. To alter, by prayer, the 
consequences of this or any similar fact—to deprive, by 
petition, even a single molecule of miasmatic matter of its 
properties—would in the eye of science be as much a 
miracle ag to make the sun and moon stand still. For 
one of these results neither of us would pray; on the same 
grounds I refuse to pray for cither. 

With rogard to the officacy of prayer, I grant all 
manner of possibilities, ox, more correctly, conceivabilitios. 
Whenever we have undoubted evidence of the smallest 
phenomenon, we can, in imagination, expand it to the 
largest. I jump over a hillock, and can therefore imagine 
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jumping over Mont Blane. Certain bodies are 
by the poles of 2 magnet, and { can imagine this 
repulsion #0 augmented as to urge projectiles in 






jetism. Similarly, « good-natured man grants my 
‘request when I ask him for a share of bis umbrella. T 
reece this fact to the infinite, and 

‘ask Omnipotence to ward off the rain from my paddock. 

"That He may do so is conceivable, but experience renders 
it unbelievable. The people of England are already more 
or less conscious of this; and the practice of national 
propitiation is, I believe, doomed, which requires the great 
ability of this journal—not to direct the spontaneous 
fervour of n smitten and a threatened people to the Throne 
of Grice—not even to prove that it is the bounden duty of 
‘the nation to engage in supplication—but to show that 
such an act is not intrinsically absurd. 
‘Both your correspondents sccm to think that scien- 
tifie discovery may be a result of a prayer. If this be 
believed, I will only’ say thnt the bearing of theology 
towards seience at the present day is as unpardonable as 
it is unaccountable. 

You speak very frequently of the combinations of 
material law possible to man. Have you ever analysed 
these combinations? You stretch forth your arm and 
move your inkstand. Is this an act of volition pure and 
simple? It ix not, The external motion of your artn ix 
derived immediately from o motion within your arm—it 
is, in fact, this motion in another shape. While you were 
pushing your inkstand a certain amount of oxidation 
occurred in the muscles of your arm, which oxidation, 
under normal cireumstances, produces a certain definite 
amount of heat. To move the inkstand, a quantity of 
‘that heat bas been consumed, which is the exact thermal 
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equivalent of the work done. You could do the same 
work with the same amount of heat from an ordinary fire, 
‘The force employed ix the force of your food which is 
stored up in your muscles. The motor merves pull the 
trigger and discharge this force. You have here a series 
of transformations of purely physical energy with one 
critical point involved in the question, * What causes the 
motor nerves to pull the trigger?” Te the cause physical 
or super-physical ? Is it a sound or a gleam, or an ex- 
ternal prick or pressure, or some internal uneasiness that 
stimulates the nerves to unlock the muscular force, or is 
it free will? Whatever the trae answer to the question 
may be, yowr safety consists in affirming boldly that free 
will must be the causo of the nervous action. But this, 
your only line of retreat, you have deliberately closed by 
saying that, whether the will is free or not, * the physical 
results are the same,’ By thus dispensing with free will 
you cause human actions to take their place in the chain 
of physical sequence, and human combinations of material 
laws no more justify your conclusions regarding prayer to 
a free Deity than docs the combination of the molecules 
of water to form frost-flowers upon your window-pane. 
Finally, I object to any philosophy, or theology, which 
selects a special series of natural phenomena as the sub- 
ject of national supplication, and shrinks from the same 
uot with reference to other phenomena, Tn reply to my 
qnwstion whether the suppliant vaice of a whole nation 
would have altered the laws of hydraulic pressure in the 
case of the Bradfield reservoir, you reply, ‘ Undoubtedly 
not” Why not? I would carnestly ask. You advocate 
prayors for fair weather and for rain. Now the abeence 
or presenee of rain depends upon laws of gaseous pressure 
which are just a8 immutable as those of water pressure ; 
and the only reason that I can see for the assumption 
that the one is the object of Divine interference, and the 
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other not, is that one of them is 770 times heavier than 
the other. Your position puts one in mind of the remark 
of Galileo, that Nature abhorred a vacuum only to a 
height of thirty-two feet. ‘Divine intervention is think- 
able, you virtually say, ‘but only in the case of bodies of 
small specific gravity. ‘Stupendous interferences,’ or 
“results of gigantic magnitude,’ are not to be expected, 
but small shiftings reasonably may. Again I ask you, in 
all earnestness, How.came you to know this? To me it 
appears that you are unwittingly taking dangerous liber- 
ties with the established laws of the universe. These 
laws abolish your distinctions of large and small, and make 
it as great a miracle to suspend the gravity of a straw as 
to extinguish the force which holds the solar system 
together. 

With these remarks, and with thanks to you for the 
opportunity of making them, I would willingly refer the 
final adjudication of the case between us to the coming 
time.—Your obedient servant, 

Joun Tyxpaut. 





Immediately afterwards the editor thus closed the 
discussion :— 

‘The very number and variety of the letters we have 
received on the subject of prayer incline us to favour the 
suggestion of our able correspondent ‘M. J. H.,’ and end, 
or suspend, the controversy. We confess to a lurking 
feeling of regret at doing so, for nothing more important 
than the efficacy of prayer can occupy the minds of men, 
and much is to be hoped from any controversy in which 
intellects so clear, 80 consistent, so courageous as Professor 
‘Tyndall’s have part. But in all the many able letters 
before us we find nothing that really brings us nearer to 





a solution of our difficulties. In some, out own suggestion 
is supported—in others Professor Tyndall's broad and 
bold argument is bucked; but nothing new is added to 
either. We leave them, then, to bear whab fruit they may, 
without adding to the discussion what would only lead toa 
mere multiplication of words, Enough has been said, at 
present, for candid and thoughtful men. Nobody can mis- 
take Professor Tyndall's line of argument—he himself pro- 
bably could not make it clearer; while, as for ourselves, we 
do not presume to dogmatise upon such questions, but we 
still believe all that we stated, and for the considerations we 
stated, in the beginning of the discusion—namely, that 
to pray for the abatement of pestilence is not philo 
eophically abeurd, 


‘These are the simple historic antecedents of the follow- 
ing series of articles, 
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MIRACLES AND SPECTAL PROVIDENCES? 
‘1867. 


T is my privilege to enjoy the frlendship of a select 
number of religious men, with whom I converse frankly 
upon theological subjects, expressing without disguise the 
notions and opinions I entertain regarding their tenets, 
and hearing in return these notions and opinions subjected 
to criticiom. I have thus far found therm liberal and 
Joving men, patient in hearing, tolerant in reply, who 
know how to reconcile the duties of courtesy with the 
earnestness of debate. From one of these, nearly a year 
ago, I received a note, recommending strongly to my at- 
tention the volume of ‘Bampton Lectures’ for 1865, in 
which the question of miracles is treated by Mr. Mosley. 
Previous to receiving this note, I had in part made the 
intance of the work through an able and elaborate 
review of it in the *Times.’ The combined effect of the 
Jetter and the review wax to make the book the companion 
of my summer tour in the Alps. There, during the wet 
and snowy days which were only too prevalent in 1866, 
end during the days of rest interpolated between days of 
toil, I made myself more thoroughly conversant with Mr, 
Moaley’s volume. I found it clear and strong—an intel- 
Iectmal tonic, as bracing and pleasant to my mind as the 
seen air of the mquntains was to my body. From time 
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providences approaching in oom 

clusiveness to miracles, ig worthy of mention here, It is 
related of this holy man—and I, for ane, have no doubt 
of his holiness—that flour was lacking to make the sacra 
mental bread. Grain was present, and a windmill was 
present, but there was no wind to grind the corm. With 
faith undoubting, Samuel Hick prayed to the Lord of the 
winds: tho sails turned, the corn was ground, after which 
the wind ceased. According to the canon of the Bampton 
Lecturer, this, though earrying a strong appearance of an 
immediate exertion of Divine energy, lacks by a hair's 
breadth the quality of a miracle. For the wind aight 
have arisen, and might have ceased, in the ordinary 
course of nature. Hence the occurrence did not * compel 
the inference of extraordinary Divine agency.’ In like 
manner Mr. Mozley considers that ‘the appearance of 
the cross to Constantine was a miracle, or a special pro= 
vidence, according to which account of it we adopt. As 
only a meteoric appearance in the shape of a erost it 
gave some token of preternatural agency, but not full 
evidence,’ 

In the Catholic canton of Switecriand, whero. Dis 
write, and still more among the pious Tyrolose, the moun- 
tains are dotted with shrines, containing offerings of all 
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when the fact iss amazing that hardly any evidence ia 
safficient to establish it, Mr. Mazley invokes * the affec- 
tions.’ They must urge the reason to accept the con- 
_ clusion. from which unaided it recoils, The affections 
and emotions are eminently the court of appeal in matters 
of real religion, which is an affair of the heart; but they 
‘are not, I submit, the court in which to weigh allegations 
regarding the credibility of physical facts. These must 
be judged by the dry light of the intellect alone, appeals 
_ to the affections being reserved for cases where moral 
tlevation, and not historic conviction, is the aim. It ix, 

torcover, because the result, in the case under considera— 

| tion, is deemed desirable that the affections are called 
upon to back it. If undesirable, they would, with equal 
right, be called upon to act the other way. Even to the 

scientific mind this would be a 

doctrine. A favourite theory—the desire to establish or 
‘void a certain result—can so warp the mind as to destroy 
its powers of estimating facts, I have known men to 
| work for years under a fusvination of this kind, unable 
to extricate themselves from its fatal influence. Thoy 

had cortain data, but not, as it happoned, enough. By a 

process exactly analogous to that invoked by Mr. Moz 

ley they supplemented the data, and went wrong. From 

that hoor their intellects were so blinded to the percep~ 

tion of adverse phenomena that they never reached truth, 

If, then, to the disciplined scientific mind, this incon- 

‘of proof and trust be fraught with danger, 

‘wis taut At Be to the indiscriminate audience which Mr. 

Mosley addresses? In calling upon thie agoncy he acts 

the part of Frankenstein. It is a monster thua evoked 

that we see stalking abroad, in the degrading spiritunlistic 

phenomena of the present day. Again, I my, where the 

sim is to‘elevate the mind, to quicken the moral sense, 

‘to kindle the fire of religion in the soul, lot the affections 
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continues Fichte, ‘he appeals, and rightly appeals, in 
support of this truth, not to reasoning, but to the inward 
practical sense of truth in man, not even knowing any 
other proof than this inward testimony, “ If any man will 
do the will of Him who sent Me, he shall know of the 
doctrine whether it bo of God.”" 

‘Accepting Mr. Mozley’s test, with which alone I am 
now dealing, it ix evident that, in the demonstration of 
moral goodness, the quantity of the miraculous comes into 
play. Had Christ, for example, limited Himself to the 
conversion of water into wine, He would have fallen short 
‘of the performance of Jannes and Jambree; for it is a 
smaller thing to convert one liquid into another than to 
‘convert a dead rod into a living serpent. But Jannes and 
Jambres, we are informed, were not good. Henee, if Mr. 
Mozley’s test be a true one, a point must exist, on the one 
‘side of which miraculous power demonstrates goodness, 
while on the other side it docs not, How is this 
‘paint of contrary flexure’ to be determined? It must 
lie somewhere between the magicians and Moses, for 
Within this space the power passed from the diabolical to 
the Divine. But bow to mark the point of passage—how, 
out of a purely quantitative difference in the visitie 
manifestation of power, we are to infer a total inversion of 
quality—it is extremely difficult to see. Moses, we are 
informed, produced a large reptile; Jonnes and Jarmbres 
produced aamall one. I do not possess the intellectual 
fienlty which would cnable me to infer, from thoso data, 
Gither the goodness of the one or the baduew of the 
other; and in the highest recorded manifestations of tho 
tmirmoulous [ am equally at a loss. Let us not play fist 
and loose with thé miraculous ; ¢ither it is a demonstra~ 
tion of gooduess in all cases or in none. If Mr. Modley 
accepts Christ's goodness as transcendent, because He did 
such works as no other man did, he ought, logically 
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a phenomenon; wo exclude magnetism, but the 
nenon, remains: henes, magnetism is not its cause. 
medabioncntnendne elated 

h it be due to miracles, or to the spiritual 
of a totter ws iekcdadte the obraslactaad tio: 
the result unchanged, we infer that miracles are not 
effective cause. This important experiment Mahomet- 
n has made for us. It has lived and spread without 
cles; and to assert, in the face of this, that Christi- 
ty has spread because of miracles, is not more oppoeed 
‘the spirit of science than to the common sense of man- 


‘The incongruity of inferring moral goodness from 
‘miraculous power has been dwelt upon above; in another 
particular also the stmin put by Mr. Moaley upon mira 
_ eles is, I think, more than they can bear. In consisteney 
“with his principles, it is difficult to see how he isto draw 
from the miracles of Christ any certain conclusion as to 
His Divine nature. He dwella very forcibly on what he 
‘calls * the argument from experience,’ in the demolition of 
which he takes ovident delight. He destroys the argu- 
‘ment, and repeats it, for the mere pleasnre of again and 
again knocking the breath out of it. Experience, he 
‘urges, can only denl with the past; and the moment we 
attempt to project experience a hair’e-breadth beyond the 
point it has nt any moment renched, we are condemned 
‘by reason, It appears to me that when he infers from 
Christ's miracles a Divine and altogether superhuman 
energy, Mr. Mozley places himself precisely under thia 
condemnation, For what is his logical ground for con- 
eluding that the miracles of the New Testament illustrate 
Divine power? May they not be the result of expanded 
human power? A miracle he defines as something im- 

to man, But how does he know that the miracles 
of the New Testament are impossible to man? Seek 
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an he may, he has absolutely no reason to addace save this 
—that man has never hitherto accomplighed such things. 
Bnt does the fact that man Aas nover raised the dead 
prove that he can never raise the dead? *Assuredly not,’ 
must be Mr. Mozley’s reply ; ‘for this would be pushing 
experience beyond the limit it has mow reached— 
which I pronounce unlawful.’ Then a period may come 
when man will be able to raise the dead. If this be cou= 
coded—and I do not see how Mr. Mozlay can avoid the 
concossion—it destroys the necessity of inferring Christ's 
Divinity from His miracles. He, it may be contended, 
antedated the humanity of the future; as a mighty tidal 
wave leaves high upon the beach a mark which by-and-by 
‘becomes the general level of the ocean. Turn the matter 
a# you will, no other warrant will be found for the all-im- 
portant conclusion that Christ's miracles demonstrate 
Divine power, than an argument which has been stigma- 
tised by Mr. Mozley us a ‘rope of sand’—the argument 
from experience. 

‘The learned Bampton Lecturer would be in this poai- 
tion, even had he seen with his own eyes every miracle 
recorded in the New Testament. But he has mot seea 
these miracles; and his intellectual plight is therefore 
worse, He accepts these miracles on testimony. Why 
does he believe that testimony? How doce he know that 
it is not delusion; how is he sure that it is not even 
fraud? Ho will answer, that the writing benrs the marks 
of sobriety and trath ; and that in many eases the bearers 
of this message to mankind sealed it with their blood. 
Granted with all my heart; but whence the value of 
all thie? Is it not solely derived from the fact that men, 
as we know them, do not sacrifice their lives in the nttest= 
ation of that which they know to be untrue? Does not 
the entire value of the testimony of the apostles depenil 
ultimately upon our experieuce of human nature? It 
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ti therefore, that those said to have seen the 

racles, tmsed their inferences from what they saw on 
argument from experience; and that Mr. Mozley 
' his belief in their testimony on the same argument. 

‘The wenkness of his conclusion is quadrupled by thi 
double insertion of a principle of bolief, to which he flatly 
denies rationality. His reasoning, in fact, cuts two ways— 
if it destroys our trust in the order of nature, it far more 
effectually abolishes the basix on which Mr. Mozley seeks 
to found the Christian religion, 





Over this argument from experience, which ut bottom 
is Ais argument, Mr. Mozley rides rough-shod. There 
ix a dash of seorn in the energy with which he tramples 
‘on it. Probably some previous writer had made too much 
‘of it, ond thus invited his powerful assault. Finding 
the difficulty of belief in miracles to rive from their being 
in contradiction to the order of nature, ho sets himself to 
esamine the grounds of our belief in that order. With 
‘a vigour of logic rarely equalled, and with a confidence 
fo its conclusions never surpassed, ho disposes of this 
belief in a mamner calculated to startle those who, with- 
‘out due examination, had come to the conclusion that the 
order of nature was secure, 

‘What we mean, he enys, by our belief in the order of 
nature, is the belief thnt tho future will be like the past, 
‘There is not, aceording to Mr. Mozley, the ge 
‘rational basis for this belief. 


“Phat any cause in nature is more permanent than its existing 
and known effects, extending furthor, and about to produce other 
and more instances besides what it has producod already, wo have 
nv evidence, Let us imagine," he continues, ‘ the occurrence of a 
particular physical phonomenon for tho first time, Upon that 
‘ingles occurrence we should have but the very faintest expecta 
tion of another. If it did occur again, once or twice, 60 far from 
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of a man who feels his position to be a strong one, ‘ has 
philosophy loosened the connection of the order of nature 
with the ground of reason, befriending in exact proportion 
as it has done this the principle of miracles.’ For ¢ this 
belief not having itself a foundation in reason, the ground 
is gone upon which it could be maintained that miracles, 
as opposed to the order of nature, are opposed to reason,’ 
When we regard this belief in connection with science, 
“in which connection it receives a more imposing name, 
and is called the inductive principle? the result is the 
same. ‘The inductive principle is only this unreasoning 
impulze applied to a scientifically ascertained fact. . . . . 
Science has led up to the fact ; but there it stops, and for 
converting this fact into law, a totally unscientific prin- 
ciple comes into play, the same as that which generalises 
the commonest observation of nature.’ 

‘The eloquent pleader of the cause of miracles passes 
over without a word the results of scientific investigation, 
as proving anything rational regarding the principles or 
method by which such results have been achieved. Here, 
as elsewhere, he declines the test, ‘ By their fruits shall ye 
know them.’ Perhaps our best way of proceeding will 
be to give one or two examples of the mode in which 
men of science apply the unintelligent impulse with which 
Mr. Mozley credits them, and which shall show, by illustra~ 
tion, the surreptitious method whereby they climb from 
the region of facts to that of laws. 

Before the sixteenth century it was known that water 
rises in a pump; the effect being then explained by the 
maxim that ‘ Nature abhors a vacuum.’ It was not known 
that there was any limit to the height to which the water 
would ascend, until, on one occasion, the gardeners of 
Florence, while attempting to raise water to a very great 
elevation, found that the column ceased at a height of 
thirty-two feet. Beyond this all the skill of the pump- 











| open at the other, and filling it with mercury, he stopped 

_ the opon end with bis thumb, and inverted it in a basin 

_ filled with the liquid metal. One can imagine the feel~ 

_ ing with which Torricelli removed his thumb, and the 
delight he experienced when he found that his thought 
had forestalled a fact never before revealed to human 
eyes. The column sank, but it ceased to sink at a height 
of thirty inches, leaving the Torricellian vacuum over 
head. From that hour the theory of the pump was es 
tablished, 

‘The celebrated Paveal followed Torricelli with another 
deduction. He reasoned thus: If the mercurial column 
be supported by the atmosphere, the higher we ascend in 
the air, the lower the column ought to sink, for the leas 
will be the weight of the air overhead, He caused a 
friend to ascend the Puy de Dime, carrying with him a 
barometric column; and it was found that during the 
ascent the column eank, and that during the subsequent 
descent the column rose. 

Betweon the time here referred to and tho present, 
millions of experiments have been made upon this subject. 
Every village pump is an apparatus for such experiments, 
Tn thousands of instances, moreover, pumps have refused 
to work; but on examination it has infullibly been found 
that the well was dry, that the pump required priming, 
or that some other defect in the apparatus accounted for 
the anomalous action. In every cuse of the kind the skill 
of the pump-maker has been found to be the true remedy, 
In no case has the pressure of the atmosphere ecased 5 
constancy, a8 regards the lifting of pump-water, has been 








‘intended his mind,’ rising Like a series of intellectual 
Lirths out of chaos. He made this iden of attraction his 
own. But, to apply the idea to the solar system, it was 
necessary to know the magnitude of the attraction, and 
the law of its variation with the distance. His concep 
tions first of all passed from the action of the earth ag a 
whole, to that of ite constituent particles. And persistent 
thought brought more and more clearly out the final 
divination, that every particle of matter attracts every 
other particle with « force varying inversely ax the square 
‘of the distance between the particles. 

‘This is Newton's celebrated law of inverse squares. 
Here we have the flower and outcome of his induction; 
and how to verify it, or to disprove it, was the next ques~ 
tion. ‘The firet step of Newton in thie direction was to 
prove, mathematically, that if this law of atteaction be 
the true one; if the earth be constituted of particles 
which obey this law; then the action of a sphere equal 
to the earth in size on a body outside of it, is the same 
asx that which would be exerted if the whole mars of the 
sphere were contracted toa point at its centre. Practi- 
cally speaking, then, the contre of the earth is the point 
from which distances must be measured to bodies attracted 
by the earth. 

From experiments exeouted before his time, Newton 
knew the amount of the earth's attraction at the earth's 
surface, or at a distance of 4,000 miles from ita centre. 
Hix object now was to measure the attraction at a greater 
distance, and thus to determine the law of its diminu- 
tion. But how was he to find a body at a sufficient 
distance? He had no balloon; and even if he had, he 
know that any height to which he could attain would be 
too emall to enable him to solve his problem. What did 
he do? He fixed bis thonghts upon the moon ;—a body 
240,000 miles, or sixty times the earth's radius, from the 
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scientific intellect never can attain rest until it reaches 


produce the observed succession of the seasons. 
Not until this relation between forces and phenomens 
has been established, is the law of reason rendered 
concentric with the law of uature; and not until this is 


The expectation of likeness, thon, in the procession of 
phenomena, is not that on which the scientific mind 
founds its belicf in the order of nature. If the force bo 


enquiries eventually relate to the permanence of force. 
From Galileo to Newton, from Newton to our own time, 
eager eyes have been scanning the heavens, and clear 
heads have been pondering the phenomena of the solar 
system. The same eyes and minds have been also ob- 
serving, experimenting, and reflecting on the action af 
gravity ot the surface of the earth. Nothing has occurred 
to indicate that the operation of the law has for a mo- 
ment been suspended; nothing has ever intimated that 
nature has been crossed by spontaneous action, or that a 
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& on of human society.’ Bub what, it may be asked, has 
the planot Neptune, or the belts of Jupiter, or the white 
(© nexs about the poles of Mars, to do with the affairs of 
wociety? How is society affected by the fact that the 
'™ sun's atmosphere contains sodium, or that the nebula of 
& Orion contains hydrogen gas? Ninotoen-twenticths of 
© the foree employed in the exercise of the inductive prin- 
« ciple, which, reiterates Mr. Mozley, is ‘ purely practical,’ 
| bave been expended upon subjects as unpractical as these. 
What: prictical interest. has society in the fact that the 
spots on the sun have a decennial period, and that when 
@ magnet is closely watched for half a century, it is found 
to perform small motions which synchronise with the 
Sppearance and disappearance of the solar spots? And 
yet, I doubt not, Sir Edward Sabine would decom a life of 
intellectual toil amply rewarded by being privileged to 
solve, at its close, theve infinitesimal motions. 

‘The inductive principle is founded in man’s desire to 
know—a desire arising from his position among phenomena 
whieh are reducible to order by his intellect. The material 
universe is the complement of the intellect ; and, without 
the study of its laws, reason could never have awakened to 
the higher forme of self-consciousness at all. It is the 
non-ogo, through and by which the ego is endowed with 
self-discernment. We hold it to be an exercise of reason 
to explore the meaning of a universe to which we stand 
in this relation, and the work we have accomplished is 
the proper commentary on the methods we have pursued, 
Before these methods were adopted the unbridled imagina- 
tion roamed through nature, putting in the place of law 
the figments of superstitious dread. For thousands of 

“years witchcraft, and magic, and miracles, and epecial 
providences, and Mr. Mozley's * distinctive reason of man,’ 
had the world to themeelves, Thoy made worse than 
nothing of it—worse, I say, because they let and hindered 
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” Bat he doos consider it ‘a great result.’ that 
have been aceepted by the edneated. In what sense 
[educated ? Like those statesmen, jurists, and church 
| dignitaries whose education was unable to save them from 
the frightful errors glanced at above? Not even in this 
sense; for the groat mass of Mr. Mozley’s educated people 
{had no legal training, and must have boen absolutely 
defenceles: against delusions which could set even that 
training at nanght. Like nino-tenths of our elorgy at the 
present day, they were versed in the literature of Greece, 
Rome, and Judea; but as regards a knowledge of nature, 
which is here the one thing needful, they were ‘noble 
savages,’ and nothing more. In the case of miracles, then, 
it behoves us to understand the weight of the negative, 
before we assign a value to the positive; to comprehend 
the depositions of nature before we attempt to measure, 
with them, the evidence of men. We have only to open 
our eyes to ace what honest and even intellectual men 
and women are capable of, as to judging evidence, in this 
nineteenth century of the Christian era, and in Intitude 
fifty-two degrees north. The experience thus gained 
ought, T imagine, to influence our opinion regarding the 
testimony of people inhabiting a sunnier clime, with a 
richer imagination, and without a particle of that restraint 
which the discoveries of physical science have imposed 
upon mankind. 


Having thus submitted Mr. Mozley’s views to the ex- 
amination which they challongod at the bands of a student 
of nature, I am unwilling to quit his book without ex- 
preesing my bigh admiration and respeet for his ability. 
His failure, a3 I consider it to be, must, I think, await all 
attempts, howover able, to deal with the material universe 
by logic and imagination, wnaided by experiment and 
observation. With regard to the style of the book, T 
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willingly subscribe to the description with which the 

“ ‘Times? winds up its able and appreciative review, ‘Tt 
is marked throughout with the most serious and earnest 
conviction, but is without a single word from first to Inet 
of asperity or insinuation against opponents, and this not 
from any deficiency of feeling a8 to the importance of the 
issue, but from o deliberate and resolutely maintained ~ 
self-control, and from an over-ruling, ever-present sense 
of the duty, on themes like these, of a more than judicial 
calmness.” 

[To the argument regarding the quantity of the mira- 
culous, introduced at page 387, Mr. Mozley has done me 
the honour of publishing a Reply in the seventh volume 
of the ‘Contemporary Review.'—J. T.] 


ADDITIONAL REMARKS ON MIRACLES. 


Asoxa the scraps of manuscript, written at the time 
when Mr, Mozley's work occupied my attention, I find the 
following reflections :— 

With rogard to the influence of modern goience which 
Mr, Mozley rates 20 low, one obvious effect of it is to 
enhance the magnitude of many of the recorded miracles, 
and to inerease proportionably the difficulties of beliof. 
‘The ancients knew but little of the vastness of the universe. 
‘The Rev. Mr. Kirkman, for example, has shown what in 
adequate notions the Jews entertained regarding the 
* firmament of heaven;’ and Professor Airy refers to the 
case of a Greek philosopher who was persecuted for 
hazarding the assertion, then deemed monstrous, that the 
sun might be as large as the whole country of Greece. 
The concerns of ® universe, regarded from this point of 
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‘than those of the universe which science now 
eal to us; and hence that to wuit man's purposes, or 
in compliance with his prayers, changes should occur 
the order of the universe, was more easy of belief in 
ancient world than it can be now. In the very magni 
tude which it assigns to natural phenomons, science has 
‘augmented the distance between them and man, and in- 
‘creased the popular belief in their orderly progression. 
‘As a natural consequence the demand for evidence is 
more exacting than it used to be, whenever it is affirmed 
‘that the order of nature has been disturbed. Let us take 
asap illustration the miracle by which the victory of Joshua 
| over the Amorites was rendered complete, In this case 
the sun is reported to have stood still for ‘a whole day’ 
‘upon Gibeon, and the moon in the valley of Ajalon. An 
| Englishman of average education at the present day would 
naturally demand a greater amount of evidence to prove 
that this occurrence took place, than would have satisfied 
an Israelite in the age succeeding that of Joshua. For, 
to the one, the miracle probably consisted of the stoppage 
of a fiery ball less than a yard in diameter, while to the 
other it would be the stoppage of an orb fourteen hundred 
thousand times the earth in size. And oven accepting 
the interpretation that Joshua dealt with what was apparent 
merely, but that what really occurred was the suspension of 
the earth’s rotation, I think the right to exercise a greater 
reserve in accepting the miracle, and to demand stronger 
evidence in support of it than that which would have 
satisfied an ancient Tsraclite, or than that which would 
now satisfy the archaic editor of the ‘Dublin Review,’ will 
still be conceded to a man of science. 
‘Phere is a scientific ax well as a historic imagination ; 
aud when, by the exorcise of the former, the stoppage of 
the carth’s rotation is clearly realised, the event assumes 
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proportions so vast, in comparison with the result to be 
obtained by it, that belief reels under the reflection. The 
energy here involved is equal to that of six trillions of 
horses working for the whole of the time employed by 
Joshua in the destruction of his foes. The amount of 
power thus expended would be sufficient to supply every 
individual of an army o thousand times the strength of 
that of Joshua, with a thousand times the fighting power 
of cach of Joshua's soldiers, not for the few hours necessary 
to the extinction of a handful of Amorites, but for millions 
of years, All this wonder fs silently passed over by the 
mcred historian, confessedly because be knew nothing 
about it. Whether, therefore, we consider the miracle as 
parely evidential, or as a practical means of vengeance, 
the same lavish squandering of energy stares us in tho 
face. If evidential, the energy was wasted, becawe the 
Ternclites knew nothing of ite amonnt; if simply de- 
structive, then the ratio of the quantity lost to that 
employed, may be inferred from the foregoing figures. 
To other miracles similar remarks apply. 

our thonghts from this little sund-grain of an earth to the 
immeasurable heavens, where countless worlds with freights 
of life probably revolve unseen, the very suns which warm 
them being barely visible across abysmal spaces roflecting 
that beyond these sparks of solar fire, suns innumerable 
may burn, whose light can never stir the optic nerve at all; 
and bringing these reflections face to fuee with the idea of 
the Builder and Sustainer of it all showing Himself in a 
burning bush, exhibiting His hinder parts, or behaving 
in other familiar ways ascribed to Him in the Jew- 
ish Scriptures, the incongruity must appear, Did this 
eredulous prattle of the ancients about miracles etand 
wlone; wore it not associated with words of imperish- 
able wisdom, and with examples of moral grandeur up~ 
toatehed elsewhere in the history of the human aco, 
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the miracles and their ¢ evidences’ would have long 
veased to be the transmitted inheritance of intelligent 
Influenced by the thonghts which this universe 
well may we exclaim in David's spirit, if nob in 
id’s words: ‘When I consider the heavens, the work 
thy fingers, the moon, and the stars, which thou hast 

; what is man that thou shouldst be mindful of 
‘him, or the son of man that thou shouldst so regard him?! 
Ifyou ask me who is to limit the outgoings of Almighty 
power, my answer ix, not T. If you should urge that if 
‘the Builder and the Maker of this universe chose to stop 
the rotation of the earth, or to take the form of a burning 
bush, there is nothing to prevent Him from doing eo, I am 
not propared to contradict you. I neither agree with you 
nor differ from you, for it is a subject of which I know 
nothing. But I observe that in such questions regarding 
Almighty power, your enquiries relate, not to that power 
as it is actually displayed in the universe, but to the 
power of your own imagination. Your question is, not 
has the Omnipotent done so and so? or is it in the 
least degree likely that the Omnipotent should do so 
and s0? but, is my imagination competent to picture a 
Being able and willing to doso and eo? [am not pro~ 
pared to deny your competence. To the human mind 
belongs the faculty of enlarging and diminishing, of dis- 
torting and combining, indefinitely the objects revealed 
by the senses. It can imagine a mouse as large as 
an elephant, an elephant as large as a mountain, and a 
mountain as high as the stars. It can separate congruities 
and unite incongruities. We sce a fish and we eee a 
woman; we can drop one half of each, and unite in idea 
the other two halves to a mermaid. We see a horse and 
‘we seo. man; we are able to drop one half of each, and 
unite the other two halves toa centaur, Thus also the 
pictorial representations of the Dvity, the bodies and 
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of cherubs and seraphs, the hoofs, horns, and tail of the 
Evil One, the joys of the blessed, and the torments of the 
damned, have been elaborated fram materials furnished te 
the imagination by the senses. And it behoves you and 
me to take care that our notions of the Power which rules 
the universe are not mere fanciful or ignorant 

ments of human power. ‘The capabilities of what you call 
your reason are not denied. By the exercise of the faculty 
here adyerted to, you can picture to yourself a Being able 
and willing to do any and every conceivable thing. You 
are right in saying that in opposition to this Power scienos 
is of no avail. Mr, Mozloy would call it *a weapon of 
air.’ ‘The man of science, however, while accepting the 
figure, would probably reverse its application, thinking it ix 
not science which is here the thing of air, but that unsub- 
stantial pageant of the imagination to which the solidity 
of science is opposed. 
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celebrated Fiehte, in his lectures on the *Voea- 
tion of the Scholar, insisted on a culture which should 
not be one-sided, but all-sided. The scholur’s intellect was 
to expand spherically, and nob in a single direction only. In 
ene direction, however, Fichte required that the scholar 
should apply himself directly to nature, become a creator 
of knowledge, and thus repay, by original labours of his 
own, tho immonse debt he owed to the labours of others, 
At waa these which enabled him to supplement the know- 
ledge derived from his own researches, so as to render his 
enltare rounded and not one-sided. 

As regards science, Fichto': iden is to some extent 
Mlustrated by the constitution and labours of the British 
Asociation, We have here a body of men engaged 
in the pursuit of Natural Knowledge, but variously 
engaged. While sympathising with cach of its depart- 
monts, and supplementing his culture by knowledge 
drawn from all of them, each student amongst us selects 
‘one subject for the exercise of his own original faculty— 
one line, along which he may carry the light of his private 
intelligence a little way into the darkness by which all 

is surrounded. Thus, the geologist deals with 
‘tho rocks; the biologist with the conditions and pheno- 
mens of life; tho setronomer with stellar masses and 
motions: the mathematician with the relations of 
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‘space and number; the chemist. pursues his atoms; while ] 
the physical investigator has his own large field im optical, 
thermal, electrical, acoustical, and other phenomena, 
Tho British Association then, as a whole, fuces physical 
nature on all sides, and pushes knowledge centeifugally 
outwards, the sum of its labours conatituting what Fichte 
might call the sphere of natural knowledge. In the 
meetings of the Association it is found necessary to re- 
solve this sphere into its component parts, which take 
concrete form under the respective letters of our Sections. 

This is the Mathematical and Physical Section. 
‘Mathematics and physics have been long accustomed to 
coalosee, For, no matter how subtle a natural pheno- 
menon may be, whether we observe it in the region of 
wense, or follow it into that of imagination, it is in the 
long rao reducible to mechanical Jaws, But the me 
chanical data once guessed or given, mathematics become 
all-powerful as an instrument of deduction. The com- 
mand af Geometry over the relations of space, and the far- 
reaching power which Analysis confer, are potent both as 
means of physical discovery, and of reaping the entire 
fruits of discovery, Indeed, without mathematics, ox- 
prewed or implied, our knowledge of physical seience 
would be both friable and incomplete. 

Side by side with the mathematical method we have 
the method of experiment. Hore, from a starting-point 
furnished by his own researches or those of others, the 
investigator proceeds by combining intuition and yeri- 
fieation. He ponders the knowledge he possesses, and 
tries to push it further; he guesses, and cheeks his guess; 
he conjectures, and confirms or explodes his conjectuns. 
‘These guesses and conjectures are by no means leaps in 
the dark; for knowledge once gained casts a faint 
light beyond its Own immediate boundaries, There is no 
discovery so limited as nut to illumanate eomething 
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beyond itself. The force of intellectual penetration into 
this penumbral region which surrounds actaal knowledge 
is not, a8 some seem to think, dependent upon method, 
‘but upon the genius of the investigator. There ia, bow- 
ever, no genius so gifted as not to need control and veri- 
fication. The profoundest minds know best that Nature’s 
ways are not at all times their ways, and that the bright- 
est flashes in the world of thought are incomplete until 
they have been proved to bave their counterparts in the 
world of fact. Thus the vocation of the true experiment- 
alist may be defined as the continued exercise of spiritual 
insight, and its inceseant correction and realisation. His 
experiments constitute a body, of which his purified in- 
tuitions are, as it were, the soul. 

Partly through mathematical and partly through ex- 
perimental research, physical science has, of late years, as- 
sumed a momentous position in the world. Both in a 
material and in an intellectual point of view it has 
produced, and it is destined to produce, immense changes 
—vast social ameliorations, and vast alterations in the 
popular conception of the origin, rule, and governance of 
natural things. By science, in the physical world, mira- 
cles are wrought, while philosophy is forsaking its ancient 
metaphysical channels, and pursuing others which have 
been opened, or indicated, by scientific research. This 
must become more and more the case as philosophical 
writers become more deeply imbued with the methods of 
science, better acquainted with the facta which scientific 
men have established, and with the great theories which 
they have elaborated. 

If you look at the face of a watch, you see the hour 
and minute-hands, and possibly also a second-hand, 
moving over the graduated dial. Why do these hands 
move? and why are their relative motions such as they 
are observed to be? These questions cannot be answered 
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each ite fair share in the formation of the resultant con- 
viction. But this waiting for the statement of the two 
sides of a question implies patience. It implies a re- 
solution to suppress indignation, if the statement of the 
one half should clash with our convictions ; and to repress 
equally undue elation, if the half-etatement should happen 
to chime in with our views. It implies a determination 
to wait calmly for the statement of the whole, before we 
pronounce judgment in the form of either acquiescence or 
dissent. 

This premised, and I trust accepted, let us enter 
vipon our task. There have been writers who affirmed that 
the pyramids of Egypt were natural productions; and in 
his early youth Alexander von Humboldt wrote a learned 
essay with the express object of refuting this notion, We 
now regard the pyramids as the work of men’s hands, 
aided probably by machinery of which no record remains. 
We picture to ourselves the swarming workers toiling at 
those vast erections, lifting the inert stones, and, guided 
by the volition, the skill, and possibly at times by the whip 
of the architect, placing them in their proper positions. 
The blocks, in this case, were moved and posited by a 
power external to themselves, and the final form of the 
pyramid expressed the thought of its human builder. 

Let us pass from this illustration of constructive 
power to another of a different kind. When a solution of 
common salt is slowly evaporated, the water which holds 
the salt in solution disappears, but the salt itself remains 
behind. At a certain stage of concentration the salt can 
no longer retain the liquid form; its particles, or mole- 
cules, as they are called, begin to deposit themselves as 
minute solids, so minute, indeed, as to defy all micro- 
scopic power. As evaporation continues, solidification 
goes on, and we finally obtain, through the clustering to- 
gether of innumerable molecules, a finite crystalline maw 





of a definite form. What is this form? It sometime 
ecoms 4 mimicry of the architecture of Egypt. We haw 
from base to apex, forming a series of steps, resembling 
thos up which the Egyptian traveller is dragged by bis 
guides, ‘The human mind is as little disposed to look un- 
questioning at these pyramidal salt-crystals, as to look at 
the pyramids of Egypt, without enquiring whence ther 
camo. How, then, aro those salt-pyramids built up? 

Guided by analogy, you may, if you like, suppose that, 
swarming among the constituent molecules of the mit, 
there is an invisible population, controlled and coerced: tiy 
some invisible master, and placing the atomic blocks in 
their positions, This, however, is not the scientific idea, 
nor do I think your good sense will accept it asa likely 
one. The scientific iden is, that the molecules act upon 
cach other without the intervention of elave labour; that — 
they attract each other, and repel each other, at certain 
definite points, or poles, and in certain definite directions; | 
and that the pyramidal form ix the result of this play of 
attraction and repulsion. While, then, the Mocks of | 
Egypt were laid down by a power external to thempelves, 
these molecular blocks of salt are self-posited, being fixell 
in their places by the forces with which they’ act upon 
cach other. 

I tuke common salt as an illustration, because it is so 
familiar to us all; but any other crystalline substance 
would answer my purpose equally well. Everywhere, in 
faet, throughout inorganie nature, we have this formative 
power, as Fichte would call it—this structural energy 
ready to come into play, and build the ultimate particles 
of matter into definite shapes, The ice of our winters, 
and of our polar regions, is its handiwork, and 0 also 
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whieh are also the product of structural energy; but 
behind the shell, av whole, lies a more remote and subtle 
formative act. These shells are built up of little crystals 
of calc-spar, and, to form these crystals, the stractural fores 
bad to deal with the intangible molecules of carbonate of 
lime. This tendency on the part of matter to organise 
itself, to grow into shape, to assume definite forme in 
obedience to the definite action of foree, is, as I have 
said, all-pervading. It is in the ground on which you 
tread, in the water you drink, in the air you breathe. 
Incipient lifes as it were, manifests itself throughout. the 
whole of what wo call inorganic nature, 

‘The forms of the minerals resulting from this play of 
polar forces are various, and exhibit different degrees of 
complexity. Men of scionco avail themselves of all 
possible means of exploring their molecular architecture. 
For this purpose they employ in turn, as agents of ex- 
ploration, light, "heat, magnetism, electricity, and sound. 
Polarised light is especially uscful and powerful. here. A 
beam of such Light, when sent in among the molecules of 
‘a crystal, is acted on by them, and from this action we 
infer with more or less clearness the manner in which 
the molecules aro arranged. That dific.ences, for ex- 
ample, exist between the inner structure of rock-salt and 
crystallised sugar or sugar-candy, is thus strikingly re- 
vealed. These actions often display themselves in chro 
matic phenomena of great splendour, the play of mole 
oular force being so regulated as Lo remove some of the 
coloured constituents of white light, leaving others with 
increared intensity behind. 

And now let us pass from what we are accustomed to 
regard as a dead mineral, to a living grain of corm. When 
this is examined by polarised light, chromatie phenomena 
similar to those noticed in crystals are observed. And 
why? Because the architeeture of the grain resembles the 
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‘the root, forces are active in the blade, the matter of the 
earth and the matter of the atmosphere are drawn towards 
the root and blade, and the plant augments in size. We 
have in succession the stalk, the ear, the full cor in the 
ear; the cycle of molecular action being completed by the 
production of grains, similar to that with which the process 
began, 

Now there is nothing in this procees which necessarily 
@ludes the conceptive or imagining power of the human 
mind. An intellect the same in kind as our own would, 
if only sufficiently expanded, be able to follow the whole 
process from beginning to end. It would sce every mole= 
cule placed in its position by the specific attractions and 
repulsions exerted between it and other molecules, the 
whole process, and its consummation, being an instance of 
the play of molecular force. Given the grain and its 
environment, the purely human intellect might, if suffi- 
ciently expanded, trace out @ priori every step of the 
process of growth, and, by the application of purely 
mechanical principles, demonstrate that the eycle must 
‘end, as it is seen to end, in the reproduction of forms like 
that with which it began, A necessity rules here, similar 
to that which rules the planets in their circuits round the 
sun. 

You will notice that Iam stating the truth strongly, 
as at the beginning we agreed it should be stated. But I 
‘must go still further, and affirm that in the eye of science 
the animal bory is just as much the product of molecular 
forea as the stalk and ear of corn, or as the crystal of salt 
or sugar. Many of the parts of the body are obviously 
mechanical. Take the human heart, for example, with its 
aystem of valves, or take the exquisite mechanism of the 
eye-or hand, Animal heat, moreover, is the same in kind 
‘as the heat of a fire, being produced by the same chemical 
proces. Animal motion, too, is as direstly derived from 
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the food of the animal, as the motion of Trowothyck’s 
from the fuel im its furnace, As reganis 
matter, the animal body creates nothing ; as regards foros, 
it orestes nothing. Te eee 
add one cubit to his stature? All that has been mid, 
then, regarding the plant, may be restated with regard to 
the animal. Every particle that enters into the composi- 
tion of a muscle, a nerve, ora bone, has beon placed in 
ite position by molecular force, And unless the existence 
of law in these matters be denied, and the element of 
captice introduced, we must conclude that, given the no 
lation of any molecule of the body to its environment, 
its position in the body might be determined mathe 
matically, Our difficulty is not with the quality of the 
problem, but. with its complerity; and this difficulty 
might be met by the simple expansion of the faculties we 
now possess. Given this expansion, with the necessary 
molecular data, and the ehick might be deduced as 
rigorously and as logically from the egg, as the existence 
of Neptune from the disturbances of Uranus, or as conical 
refraction from the undulatory theory of light. 

You sce Lam not mincing matters, but avowing 
nokedly what many scientific thinkers more or leas dis~ 
tinotly believe. The formation of a crystal, a plant, or 
an animal, ix, in their eyes, a purely mechanical problem, 
which differs from the problems of ordinary mechanics, in 
the smallness of the masses, and the complexity of the 
processes involved. Here you have one half of our dual 
truth; let us now glance at the other half, Associated 
with this wonderful mechanism of the animal body we 
have phenomens no less cortain than those of phyzies, bat 
between which and the mechanism we discern no neces 
sary connection. A man, for example, can say ‘I feel, 
1 think’ «I Jove,” but how does consciousness tofuse 
finto the problem? The human brain is sid to be 
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the organ of thought and feeling: when we are hurt, the 
brain feels it; when we ponder, it is the brain that thinks ; 
when our passions or affections are excited, it is through 
‘the instrumentality of the brain. Let us endeavour wo 
bea little more precise here, I hardly imaginethere exists 
@ profound scientific thinker, who has reflected upon the 
subject, unwilling to admit the extreme probability of the 
hypothesis, that for every fact of consciousnees, whether 
in the domain of sense, of thought, or of emotion, a 
definite molecular condition, of motion or structure, is eet 
up in the brain; or who would be disposed even to deny 
that if the motion, or structure, be induced by internal 
cumes inatead of external, the effect on consciousness will 
‘be the same? Let any nerve, for example, be thrown by 
morbid action into the precise state of motion which 
would be communicated to it by the pulses of a heated 
body, surely that nerve will declare itself hot—the mind 
will accept the subjective intimation exactly as if it were 
objective. The retina may be excited by purely me- 
chanical means. A blow on the eye causes a luminous 
flash, and the mere pressure of the finger on the external 
ball produces a star of light, which Newton compared to 
the circles on a peacock’ tail. Disease makes people 
see visions and dream dreams; but, in all such cases, 
could we examine the organs implicated, we should, on 
philosophical grounds, expect to find them in that pro~ 
cisé molecular condition which the real objects, if present, 
would superinduce, 

‘The relation of physics to consciousness being thus 
invariable, it follows that, given the state of the brain, 
the corresponding thought or feeling might be inferred: 
ory given the thought or feeling, the corresponding state 
of the brain might be inferred. But how inferred? It 
would be at bottom not # case of logical inference at all, 
but of empirical association. You may reply, that many 
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we dp qt peers the intellect! 

sare cudiment of the orgua, whieh would enshle us to pass, 
by a proces of reamaing, frem the one to the other. 
‘Ther agowar togetiter, bat we de not know why. Were 
eur tiinde ami aenees ne expanded, strengthened, and 
‘Ubcminated, as te enable me to sew and feel the very mole- 
cubs of the brain; were we capable of following all their 


sequainted with 
the correspunding states of thought and feeling, we should 
be as Sir as ever Swim the solution of the problem, ‘How 
are these phrsical processes connected with the facts of 
consciousness?’ The chasm between the two class of 
phenomena wouh! «till recsain intellectually impaseable. 
‘Lot the comseioumess of love, for example, be associated 
with right-handed spiral mation of the moleenles of the 
brain, and the cossciousness of hate with a left-handed 
spiral motion. We should then know, when we love, that 
the motion is in one dircetion, and, when we hate,'that the 
motion is in the ether; but the + war?! would remnin'an 
‘unanswerable as before, + eed 
In affirming that the growth of the body is mechanical, 
and that thought, as exercised by us, has its correlative 











one. I think the materinlist will be able finally to main- 
| tain this position against, all attacks; but Ido not, think, 
in the present condition of the human mind, that he can 
pass beyond this position. I do not think he is entitled 
‘to say that his molecular groupings, and motions, explain 
everything. In reality they explain nothing. The 
utmost he can affirm is the association of two classes of 
phenomena, of whose real bond of union he is in absolute 
fguoranes. The problem of the connection of body and 
soul is as insoluble, in its modern form, as it was in the 
pre-scientifie ages. Phosphorus is known to enter into 
the composition of the human brain, and a trenchant 
German writer has exclaimed, ‘Ohne Phosphor, kein 
Gedanke!’ That may or may not be the case; but evon 
if we knew it to be the case, the knowledge would not. 
Tighten our darknes. On both sides of the zone here 
assigned to the materialist he is equally helpless. If you 
ask him whence is this * Matter’ of which we have been 
diseoursing—who or what divided it into molecules, who 
or what impressed upon them this necessity of running 
into organic forms—he has no answer. Science is mute 
in reply to these questions, But if the materialist is con- 
founded and science rendered dumb, who ele is prepared 
with a solution? To whom has this arm of the Lord 
been revealed? Let us lower our heads, and acknowledge 
ont ignorance, priest and philosopher, one and all. 
Perhaps the mystery may resolve itself into knowledge 
at some future day. The process of things upon this earth 
hhas been one of amelioration. It is a long way from the 
Tguanodon and his contemporaries, to the President and 
Members of tho British Association, And whether we 
regard the improvement from the scientific or from the 
theological point of view—as the result of progressive 
development, or of successive exhibitions of creative 
energy—neither view entitles ux to assume that man's 











| of afriend. Mr, Bain wrote one forme, ‘Your present 
knowledge,’ he said, ‘must forge the links of connection 
‘between whut has been already achieved and what is now 
required."* In these words he admonished mo to raview 
‘the past, and recover from it the broken ends of former 
T tried to do 80, Previous to going to 
Switzerland I had been thinking much of light and heat, 
of organic germs, atoms, comets, and skies. With one or 
another of these I now sought to re-form on alliance, and 
finally succceded in establishing a kind of cohesion 
between thought and Light. 

‘The disciplines of common life aro, in groat part, 
exercises in the relations of space, or in the mental 
grouping of bodies in space; and, by such exercises, the 
‘mind is, to some extent, prepared for the reception of 
physical conceptions, Assuming this preparation on your 
part, the wish grew within me to trace, and to enable you 
to truce, some of the more occult operations of the agent 
"Just referredto, I wished, if possible, to take you beyond 
the boundary of mere observation, into a region where 
things are intellectually discerned, and to show you there 
the hidden mechanism of optical action. 

But how are those hidden things to be revealed? 
How are we to lay hold of the physical basis of Light, 
since, like that of life iteelf, it lies entirely without the 
domain of tho senses? Philosophers may be right in 
affirming that we cannot transcend experience; but wo 

~ ean, at all events, carry it a long way from its origin. 
We can alsa mugnify, diminish, qualify, and combine ex- 
#0 a8 to render them fit for purposes entirely 

new. Urged to the attempt by sensible phenomena, we 
find oursclyes gifted with the power of forming mental 
images of the ultro-sonsiblo; and by this power, when 
"duly chastened and controlled, we can lighten the dark- 

* Tnduetion,’ p. 422. 











rather than employed. 
‘They have observed its action in wesk vessels, and ame 
unduly impressed by its disasters. But 
equal justice point to exploded boilers as an argument) 
against the use of steam. Nourished by knowledge 
patiently won; bounded and conditioned by co-operant 
‘Reason; imagination becomes the prime mover of the 
physical discoverer, Newton's passage from a 
apple to a falling moon was, at the outact, a leap of the 
prepared imagination, In Faraday the exercise of this 
faculty proceded all his experiments, and its function Taw 
Yoon impressively set forth by Brodie! When Willian 
Thomson tries to place the ultimate particles of matter 
between his compass points, and to apply to thern a scale 
of millimetres, it is an act of the scientific 
And in much that has been recently said about: 
and life wo have the outgoings of this faculty guided and 
controlled by the known analogies of science. In fact, 
without this power, our knowledge of nature would be 
a mere tabulation of co-existences and sequences. We 
should still believe in the succession of day and night, of 
summer and winter; but the soul of Force would be dis 
lodged from our universe; causal relations would dissppear, 
suid with, thous Sistine (wih 5 ices 
parts of nature to an organic whole. 

I should Like to illustrate by a few simple instances the 
use that scientific men have already made of this power of 
imagination, and to indicate afterwards some of the further 
uses that they are likely to make of it, Let us begin wi 
the rudimentary expericnces. Observe the: 
rain-drops into a tranquil pond, Each drop as it 


* At the onteet of this disecurse, 
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the water beeomes a eentre of disturbance, trem whieh a 
series of ring-ripples expand outwards. Gravity and inertia 
are the agents by which this wave-motion is produced, and 
a rough experiment will suffice to show that the rate of 
propagation does not amount to a foot a second. A series 
of slight mechanical shocksis experienced by a body plunged 
in the water, as the wavelets reach it in succession. But a 
finer motion is at the same time set up and propagated. 
If the head and ears be immersed in the water, as in an 
experiment of Franklin’s, the shock of the drop is commu- 
nicated to the auditory nerve—the fick of the drop is heard. 
Now, this sonorous impulse is propagated, not at the rate 
of a foot, but at the rate of 4,700 feet a second. In this 
case it is not the gravity but the elasticity of the water 
that is the urging foree. Every liquid particle pushed 
against its neighbour delivers up its motion with extreme 
rapidity, and the pulse is propagated as thrill. The in- 
compressibility of water, as illustrated by the famous 
Florentine experiment, is a measure of ite elasticity ; and 
to the possession of this property, in so high a degree, the 
rapid transmission of a sound-pulse through water is to be 
ascribed. 

But water, as you know, is not necessary to the conduo- 
tion of sound ; air is its most common vehicle. And you 
know that when the air possesses the particular density 
and elasticity corresponding to the temperature of freezing 
water, the velocity of sound in it is 1,090 feet a second. 
It is almost exactly one-fourth of the velocity in water; 
the reason being that though the greater weight of the 
water tends to diminish the velocity, the enormous mole- 
cular elasticity of the liquid far more than atones for the 
disadvantage due to weight. By various contrivances we can 
compel the vibrations of the air to declare themselves; we 
know the length and frequency of the sonorous waves, and we 
have also obtained great mastery over the various methods 









SCIENTIFIC USE OF THE IMAGINATION, 420 
boldly diffusing in space a medium of the requisite 





into the world of sense, and see whether our deductions 

do not issue in the very phenomena of light which ordi- 
i nary knowledge and skilled exporiment reveal. If in all 

the multiplied varieties of these phenomena, including 
_ those of the most remote and entangled description, this 
fundamental conception always brings us fice to fice with 
the truth; if no contradiction to our deduetions from it 
‘be found in external nature, but on all sides agreement 
and verification; if, moreover, as in the ease of Conical 
Refraction and in other cases, it actually forces upon our 
attention phenomena which no eye had previously seen, 
and which no mind had previously imagined—such a con- 
ception must, we think, be something more than a mero 
figment of the scientific fancy. In forming it, that com- 
posite and creative power, in which reason and imagina- 
tion are united, has, we believe, led us into a world not 
Tess real than that of the senses, and of which the world 
of sense itself is the suggestion and justification. 

Far be it from me, however, to wish to fix youimmoy- 
ably in this or in any other thooretic conception. With 
all our beliof of it, it will be well to keep the theory of 
a luminiferous nether plastic and eapable of change. You 
May, Moreover, urge that, although the phenomena occur 
ax if the medium existed, the absolute demonstration of 
its existence is still wanting. Fur be it from me to deny 
to this reasoning such validity as it may fairly claim. 
Tet us endeavour by means of analogy to form a fair 
estimate of its force. You believe that in socicty you are 
surrounded by reasonable beings like yourself, You are, 















perhaps, ns firmly convinced of this as of anything. What 
ix your warrant for this conviction? Simply and amlely 
this: your fellow-creatures behave as if they were reason~ 
able; the hypothesis, for it is nothing more, aecounte for 
the facts, To take an eminent example: you believe that 
our President is a rensonable being. Why? ‘here is => 
known method of superposition by which any one of us 
can apply himself intellectually to another, soas. to die 
monstrate coincidence as regards the possession of reason 
If, therefore, you hold our President to be reasonable, it 
is because he behaves as if he were reasonable. As in 
tho case of the acther, beyond the ‘as if’ you cannot go. 
Nay, I ehould not wonder if a close eomparieon of the 
data on which both inferences rest, cased many respect~ 
able persons to conclude that the sether had the best 
of it. 

‘This universal medium, this light-aether as it is called, 
isa vehicle, not an origin, of wave-motion. It receives 
and transmits, but it does not create, Whence does it 
derive the motions it conveys? Kor the most part from 
luminous bodies. By this motion of a luminous body I 
do not mean its sensible motion, such as the flicker of 
candle, or the shooting out of red prominences from the 
limb of the sun. I mean an intestine motion of the 
atoms or molecules of the luminous body, But here a 
certain reserve is necessary. Many chemists of the 
prevent day refuse to speak of atoms and molecules as 
real things. Their caution loads them to stop short of 
the clear, sharp, mechanically intelligible atomic theory 
enunciated by Dalton, or any form of that theory, and to 
make the doctrine of ‘multiple proportions’ their intel 
lectual bourne. I respect the caution, though I think it 
is here misplaced. ‘The chemists who recoil from thess 
notions of atoms and molecules accept, without hesitation, 
the Undulatory Theory of Light. Like you and me they 
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and all believe in an acther and its light-producing 
‘Let us consider what this belief involves. Bring 
your imaginations once more into play, and figure n series 
‘sound-waves passing through air. Follow them up to 
their origin, and what do you there find? A definite, 
‘tangible, vibrating body. It may be the vocal chords of 
a human being, it may be an organ-pipe, or it may be a 
stretched string. Followin the same manner a train of 
sether-waves to their source; remembering at the eame 
_ time that your acther is matter, dense, elastic, and capable 
of motions subject to, and determined by, mechanical 

Jaws. What then do you expect to find as the souree of a 
| Bariot of acthor-waves ?.! Aske your-imaginationsif ik will 
| aceept a vibrating multiple proportion—a numerical ratio 
| dma state of oscillation? Ido not think it will. You 
| cannot crown the edifice with thisabstraction. ‘The scien~ 
| tific imagination, which is here authoritative, demands, as 
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the origin and cause of a series of aether-waves, a particle 
of vibrating matter quite as definite, thongh it may be 

| excessively minute, as that which gives origin to a musical 
sound. Such a particle we name an atom or a molecule. 
I think the intellect, when focussed so as to give definition 
without penumbral haze, is sure to realise this image at 
the last. 

With the view of preserving thought continuous 
throughout this discourso, and of prevonting either failure 
of knowledge, or of memory, from causing any rent in our 
picture, I here propose to run rapidly over a bit of ground 
which ix probably familiar to most of you, but. which Iam 
anxious to make familiar to you all, The waves generated 
in the acther by the swinging atoms of luminous bodies 
are of different lengths and amplitudes. ‘The amplitude 
is the width of swing of the individual particles of the 
wares, In water-waves it is the height of the crest above 
the trough, while the length of the wave is the distance 
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between two consecutive crests. The aggregate of waves 
emitted by the sun may be broadly divided into two 


‘Tho length of the largest of those waves is about twice 
that of the smallest, but the amplitude of the Jargest ix 
protably a hundred times that of the smallest. Now the 
force or energy of the wave, which, expressed with refer+ 
ence to sensation, means the intensity of the light, i 
proportional to the square of the amplitude. Henee the 
amplitude being one-hundredfold, the energy of the 
largest light-giving waves would be ten-thousandfold that 
of the smallest, This is not improbable, I use thee 
figures not with a view to numerical aeenracy, but to give 
you definite ideas of the differences that probably exist 
among the light-giving waves. And {f we take the whole 
range of solar radiation into account—its non-visnal as 
well ns its visual waves—I think it probable that the 
force, or energy, of the largest wave isa million times 
that of the smullost. 

Turned into their equivalents of sensation, the dif. 
ferent light-waves produce different colours Red, for 
example, is produced by the largest waves, violet ‘by the 
smallest, while green is produced by a wave of inter- 
mediate length and amplitude. On entering from air 
into a more highly refructing substance, such as glass or 
water, or the sulphide of carbon, all the waves are ro 
tarded, but tho smallest ones most, This furnishes a 
means of separating the different classes of waves from 
each other; in other words, of analysing the light. Sent 
through # refracting prism, the waves of the sim are 
turned aside in different degrees from their direct course, | 
tho red least; the violet most. They are virtually pulled 
asunder, and they paint upon a white screen placed to 





colours. 
‘Soparately, or mixed in various proportions, the solar 
ea yield all the colours observed in nature and em- 
ployed in art. Collectively, they give us the impression 
of whiteness. Pore unsifted solar light is white; and, if 
all the wave-constituents of such light be reduced in the 
same proportion, the light, though diminished in intensity, 
will still be white. The whiteness of Alpine snow with 
the sun shining upon it, is barely tolerable to the eye. 
‘Tho 2ame snow under on overcast firmament is still white. 
Such a firmament enfeebles the light by reflecting it up- 
wards; and when we stand above a cloud-field—on an 
Alpine summit, for instance, or on the top of Snowdon— 
and see, in the proper direction, the sun shining on the 
clouds below us, they appear dazzlingly white. Ordinary 
clouds, in fact, divide the solar light impinging on them 
into two parts—a reflected part and a transmitted part, in 
each of which the proportions of wave-motion which pro- 
duco the impression of whiteness are sensibly 

‘Tt will be understood that the condition of whiteness 
would fail if all the waves were diminished equally, or by 
the same absolute quantity. They must. be reduced pro- 
portionutely, iustead of equally. If by the act of reflec 
tion the waves of red light are split into exact halves, 
then, to preserve the light white, the waves of yellow, 
‘orange, green, and blue must also be split into exact halves. 
Tn short, the reduction must take placo, not by absolutely 
equal quantities, but by equal fractional parts. In 
white light the prepondorance, as regards onergy, of the 
larger over the smaller waves must always be immense, 






















Were the case otherwise, the visual correlative, blue, of 
the smaller waves would have anal ie 5? 
sensations. 

Not only are the waves of nthen rabectodiby SUE 
by solids, and Liquids, but when they pase from Light ait 
to dense, or from dense air to light, a portion of the wate 
motion is always reflected. Now our atmosphere changes 
continually in density from top to bottom. It will help 
our conceptions if we regard it as made up of a sorice of 
thin concentric layers, or shells of air, each shell being of 
the same density throughout, a small and sudden change 
of density occurring in passing from shell to shell. Light 
would be reflected at the limiting surfaces of all thee 
shelly, and their action would be pmetically the same ax 
that of the real atmosphere. And now I would ask yout 
imagination to picture this act of reflection. What must 
became of the reflected light? The atmospheric layers | 
turn their convex surfaces towards the eun; they are #0 
many convex mirror of feeble power; and you will im 
mediately perceive that the light regularly refleeted from 
these surfaces cannot reach the earth at all, but is dis 
persed in space, Light thus reflected eannot be the light 
of the sky, 

But, though the sun’s light is not reflected in this 
fashion from the atrial layers to the earth, there is indu- 
bitable evidence to chow that the light of our firmament 
ia reflected light. Proofs of the most cogent description 
could be hore adduced ; but we need only consider that 
we receive Light at the same time from all parts of the 
hemisphere of heaven. The light of the firmament comes 
to us across the direction of the solar rays, and even 
agninst the direction of the solar mys; and this lateral 
and opposing rush of wave-motion can only be due to 
the rebound of the waves from the air itself, or from 
something suspended in the alr. It is also evident that, 
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the action of clouds, the solar light is not reflected 
hy the sky in the proportions which produce white, Tho 
is blue, which indicates an exeees of the shorter 
In scoounting for the colour of the sky, the 
question suggested by analogy would undoubtedly be, 
not the air blue? The blueness of the air has, in 
fact, been given asa solution of the blueness of the sky. 
‘But how, if the air be blus, ean the light of sunrise and 
‘unset, which travels through vast distances of air, be 
, orange, oreven red? The passage of white solar 
‘light through a blue medium could by no possibility red= 
den the light. The hypothesis of a blue air is therefore 
‘untenable, In fact the agent, whatever it is, which 
gends us the light of the sky, exercizes in eo doing a 
dichroitic action. The light reflected is blue, the light 
_ transmitted is orange or red. A marked distinction is 
thus exhibited between the matter of the sky, and that: 
of an ordinary cloud, which exercises no such dichroitic 
action. 














By the scientific use of the imagination we may 
penetrate this mystery also, The cloud takes no note 
of size on the part of the waves of acther, but reflects 
therm all alike. It exercises no selective action. Now 
the cause of this may be thst the cloud particles are so 
large, in comparison with the waves of aether, as to 
reflect them all indifferently. A broad cliff reflects an 
Atlantic roller as easily as a ripple produced by a sea 
hird’s wing; and, in the presence of large reflecting sur= 
faces, the existing differences of magnitude among the 
waves of nether may disappear. Bat supposing the ro 
fleeting particles, instead of being very largo, to be very 
small in compurizon with the size of the waves. In this 
case, instead of the whole wave being fronted and thrown 
Back, a small portion only is shivered off, The great 
mass of the wave passes over such a particle without re- 


2 





Remembering that the ed. waves stand to. the Hloe 
tauch in the relation of billows to ripples, we have to cou 
sider whether those extremely small 

pétent to scatter all the waves in the same proportion, If 
thoy be not—and a little reflection will make it clear that 
they are not—the production of colour must, be an incident 
of the scattering. Largeness is a thing of relation; and 
the smaller the wave, the greater is the relative size 
particle on which the wave impinges, and the greater also 
the ratio of the scattered portion of the wave, to the total 







seatter a large fraction of each ripple, while the fractional 
part of a Jarger wave thrown back by the 
might be infinitesimal. Now we have already made it 
cloar to our minds that to preserve the solar light white, ite 
constituent proportions must not be altered; but in the 
act of division performed by these very small particles tho 
are altered ; an undue fraction of the smaller 
waves is scattered by the particles, and, as & consequence 
in the scattered light, blue will be the predominant 
colour, ‘The other colours of the spectrom. Must, to 
somo extent, be associated with the blue. 
absent, but deficient. We ought, in fact, to h 
oy in diminishing proportions, from the vi 
the red. p 
We have here presented a. ease to the imagination, and, 
fasting ths uadulatgey teary fo, bo, relliy ws Easey 
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think, fairly reasoned our way to the conclusion, that 
particles, small in comparison to the size of the 


wr azure skies, When this light is analysed, all the 
of the spectrum are found, and they are found in 
proportions indicated by our conclusion. 
‘Let us now turn our attention to the light which 
es unseattered among the particles. How must it be 
ly affected? By its succcssive collisions with the 
ticles the white light is more and more robbed of ite 
ter waves; it therefore lores more and more of ite 
due proportion of bine. The result may be anticipated. 
| ‘The transmitted light, where short distances are involved, 
‘will appear yellowish. But as the sun sinks towards the 
H horizon the atmospheric distances increase, and conse 
“quently the number of the scattering particles. ‘They 
‘abstract in succession the violet, the indigo, the blue, and 
even disturb the proportions of green. The transmitted 
light under such circumstances must pnas from yellow 
through orange to red. This aleo ig exactly what wo find 
in nature. Thus, while the refleeted light gives us at 
| noon the deop axure of the Alpine skies, tho tmnsmitted 
light gives us at sunset the warm erimson of the Alpine 
snows. ‘The phenomena certainly occur as if our 
iitmosphere wore w medium rendered slightly turbid by 
the mechanical suspension of exceedingly small torcign 
‘particles, 
Hore, as before, we encounter our sceptical ae if It 
‘is one of the parasites of science, ever at hand, and ready 
‘to plant itself and aprout, if it can, on the weak points of 
our philosophy. But strong constitution defies the 
parasite, and in our case, as we question the phenomena, 
probability grows like growing health, until in the one 
‘the malady of doubt is completely extirpated. The first 


















azotion hat story tena $s gs elt ee 
be really proved to act in the manner indicated? No 
doubt of it Each one of you can submit the question to 
an experimental test. Water will not dissolve resin, but 
spirit will dissolve it; and when spirit holding resin in 
solution is dropped into water, the resin 

separates in solid particles, which render the water milky. — 
‘The coarsencas of this precipitate depends on the quantity 
of tho dissolved rosin. You can cause it to separate either 
in thick clots or im exceedingly fine particles. Professor 
Briicke 7a te oe Oe ee ae 
particles particularly suited to our present purpose. 

eer ot lean aut dicts ee 
grammes of absolute alcohol, and the transparent xolution 
is allowed to drop into a beaker containing clear water, 
kept briskly stirred. An exceedingly fine precipitate is 
thus formed, which declares its presence by its action 
upon light. Placing o dark surface behind the beaker, 
and permitting the light to fall into it from the top or 
front, the medium is seen to be distinctly blue. It is not 
perhaps 60 perfect.a blue as may be seen on 

days among the Alps, but itis avery fair sky-blie, A 
trace of soap in water gives a tint of blue, London, and 
I fear Liverpool, milk makes an approximation to the 
same colour, through the operation of the same cause; 
and Helmholtz has irreverently disclosed the fact that 
the deepest, blue eye is simply a turbid medium. 

‘The action of turbid media upon light was illustrated 
by Goethe, who, though unacquainted with the undals- 
tory theory, was led by his experiments to regard the 
firmament as an illuminated turbid medium, with the dark- 
ness of space behind it. Ho doseribes glassee showing a 
bright yellow by transmitted, and a beautiful blue by re 
flected, light. Professor Stokes, who was probably the 
first to discern the real nature of the action of small 
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ticles on the waves of asthor,' describes u glass of a 
nilar kind.* Capital epecimens of such glass are to be 














N ‘chill’ is no doubt an effect, of this 

ough the action of minute particles, the browns of a 
e often present the appearance of the bloom of a 
By rubbing the varnish with a silk handkerchief 
Wires cect atecoutvansn the chill disappears, 

ome years ago I witnessed Mr. Hirst experimenting at 
Zermatt on the turbid water of the Visp. When kept 
‘still for a day or s0, the grosser matter sank, but the 
finer particles remained suspended, and gave a distinctly 
blue tinge to the water. The blueness of certain Alpine 
Tnkea has been shown to be in part due to this canse. 
Profesor Roscoo has noticed several striking cases of a 
similar kind, In a very remarkable paper the late 
Principal Forbes showed that steam issuing from the 
safety-valve of a locomotive, when favourably observed, 
exhibits ata certain stage of its condensation the colours 
of the sky. It is blue by reflected light, and orange or 
red by transmitted light. The same effect as pointed out 
hy Goethe, is to some extent exhibited by peat-smoke, 
More than ten years ago 1 amused myeclf at Killarney 
by observing, on a calm day, tho straight smoke-columns 
rising from the cabin chimneys. It was easy to project 
the lower portion of a column against a dark pine, and 
its upper portion against a bright cloud. The smoke in 
the former case was blue, being seen mainly by reflected 


§ This ia Soferred from couversation, I am not aware that Profesor 
‘Stokos hax published nnything vpon the #uljoot, 

# This glass, Ly reflected light, had a colour ‘strongly rommbling that 
‘of a decoction of horee-chestnnt turk,’ Curiously enough Goothe refers to 
‘thie very decoction: *Mun nehwo eiaon Stroifen frischer Riado von der 
‘Rurekastonle, manstecko denselben in oin Olas Woawer, und in der kiirsesten 
‘Zeit werden wir day vollkomunenato Himmelblay entatoben webon,—Goethe's 
Werke, b. xxix. p. 24. 








‘wns not to be distinguished from distilled water.? 
But we have it in our power to imitate, far more closely 
we have hitherto done, the natural conditions of this 
le ‘We can generate, in air, artificial skies, and 
their perfect identity with the natural one, ax 
‘regards the exhibition of a number of wholly unexpected 
By a continuous process of growth, moreover, 
owe'ars able to connect sky-matter, if I may use the term, 
“with molecular matter on the one side, and with molar 
" tiatter, or matter in sensible masses, on tho other, In 
‘illustration of this I will take an experiment suggested 
by some of my own researches, and described by M- 
‘Morren of Marseilles at the Exeter meeting of the 
British Association. Sulphur and oxygen combine to 
form sulphurous acid gas, two atoms of oxygen and 
one of sulphur constituting the molecule of sulphurous 
acid. It haa been recently shown that waves of 
aother ieming from a strong source, such os the sun 
or the electric light, are competent to shake asunder 
the atoms of gaseous molecules. A chemist would call 
‘this, ‘decomposition’ by light ; but it behoves us, who are 
examining the power and function of the imagination, to 
‘keep constantly before us the physical images which 
underlie our terms, Therefore I say, sharply and defi- 
nitely, that the components of the molecules of sul= 
phurous acid are shaken asunder by the ncther-waves. 
Enclosing eulphorous acid in a suitable yeesel, placing it 
ina dark room, and sending through it a powerful beam 
of light, wont first see nothing: the vessel containing the 
gas seems as empty as & vacuum. Soon, however, along . 









+ Like Dr, Purdon Sateen ren Ve rete See oe 
without sensible hindwneo, through filtaring-papye. By euch 20 
freedom from particles is secured. Tho application of a con» 
densod bears to ue fleeate renders thia at ouco evideut, 1876, 
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the track of the beam a beautiful sky-blue colour is b- 
served, which is due to light sesttered by the liberated 
particles of sulphur. For a time the blue grows mor 
intense ; it then becomes whitish ; and ends im a more or 
less perfect white. When the action is continned long 
enough, the tube is filled with a dense cloud of sulphur 
particles, which by the, application of anisreay 
‘be rendered individually visible.’ 

“Here, than, our sother-ranes npids toa basse ae 
affinity, and liberate a body—sulphur—which at ordinary 
temperatures is a solid, and which therefore soon becomes 
an object of the senses, We have firstof all the free 
atoms of sulphur, which ure incompetent to stir the retina 
sensibly with scattered light. But theso atoms gradually 
coalesce and form particles, which grow larger by continual 
accretion, until after a minute or two they appear as sky= 
mattor. In this condition they aro themselves invisible; 
but they send an amount of wave-motion to the 
retina, sufficient to produce the firmamental blue. The 
particles continue, or may be caused to continue, in. 
this condition for » considerable time, during which no’ 
microscope can cope with them. But they grow slowly 
larger, and pass by ineensible gradations into the state 
of cloud, when they can no longer elude the armed 
eye. Thus, without solution of continuity, we start with 
matter in the molecule, and end with matter in the 
mass; sky-matter being the middle term of the sories of 
transformations. 

Instead of sulphurous acid, we might choose a dogen’ 
other substances, and produce the same offeet with all of 
them, In the case of some—probably in the case of all 
—it is possible to preserve matter in the frmamental con-— 
"ME Morren wos mistaken in that 

the drying takes, had avy pAiregebrr t= 












‘operation of the light. During these fifteen or twenty 
minutes the particles constantly grow larger, without ever 
‘exceeding the size requisite to the production of the 
celestial blue. Now when two vessels are placed before 
us, each containing sly-matter, it is possible to state 
‘with great distinctnoes which vessel contains the largest 
| particles. The eyo is very sensitive to differences of 
light, whon, ns in our experiments, it is in compara- 
| tive darkness, and the wave-motion thrown against the 
| retina is small. The larger particles declare themselves 
by the greater whiteness of their scattered light. Call 
now to mind the observation, or effort at observation, 
made by our President, when he failed to distinguish the 
particles of mustic in Bricke’s medium, and when you have 
| done this, please follow me, A beam of light wae per- 
mitted to act upon a certain vapour. In two minutes the 
axure appeared, but at the end of fifteen minutes it had 
not ceased tobe azure. After fifteen minutes, for example, 
its colour, and some other phenomena, pronounced it to 
te: a blue of distinctly smaller particles than those sought 
for in vain by Mr. Huxley. These particles, as already 
stated, must bave been less than yyyyygth of an 
inch in diameter. And now I want you"to consider 
the following question: Hero aro particles which 
have been growing continually for fifteen minutes, 
and at the end of that timo are demonstrably smallor 
than thoxe which defied the microscope of Mr, Huxley— 
What must have beon the size of these particles at the 
beginning of their growth? What notion can you form 
of the magnitude of such particles? ‘The distances of 
stellar spaco give us simply a bewildering sense of 
vastneez, without leaving any distinct impression on 
the mind; and the magnitudes with which we have here 
to do, bewilder us equally in the opposite direction. 
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it in, And, whether the actual sky be capable of this 
of condensation or not, I entertain no doubt that 
sky quite os vast as ours, and as good in appearance, 
‘be formed from a quantity of matter which might 
held in the hollow of the hand. 
Small in mass, tho vastness in point of number of 
_ the particles of our sky may be inferred from the eon- 
tinuity of its light. It ix notin broken patches, nor at 
scattered points, that the heavenly azure is revealed, To 
the observer on the summit of Mont Blane, the blue is as 
“uniform and coherent as if it formed the surface of the 
most close-grained solid. A marble dome would not ox- 
hibit-a stricter continuity, And Mr. Glaisher will inform 
you, that if our hypothetical shell were lifted to twice 
the height of Mont Blane above the earth’s surface, we 
should still have the azure overhead. Everywhere 
through the atmosphere those sky-particles are) strown. 
_ They fill the Alpine valleys, spreading like a delicate 
gauze in front of the slopes of pine. They sometimes eo 
swathe the peaks with light as to abolish thoir definition. 
‘This year Ihave seen the Weisshorn thus dizsolved in 
opalescent air, By proper instruments the glare thrown 
from the xky-particles against the retina may be quenched, 
and then the mountain which it obliterated starts into 
sudden definition. Its extinction in front of a dark 
mountain resembles exactly the withdrawal of a veil. It 
is tho light, then, taking possession of the eye, and not 
the particles acting as opaque bodies, that interferes 
with the definition. By day this light quenebes the 
stars; even by moonlight it is able to exclude from vision 
all stars, between the fifth and the eleventh magnitude. 
Tt may be likened to a noise, and the fechler stellar 
madinnce to a whisper drowned by the noise. 
What is tho nature of the particles which shed this 
light? ‘The celebrated De la Rive ascribes the haze of 
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the Alps in fine weather to floating orgunie germs. Now 
the possible existence of germs in such profusion has bea 
held up us an absurdity, It bas been affirmed that they 
would darken the air, and on the assumed 
of their existence in the requisite numbers, without inva- 
Han ofthe sclas ght, is appara ESRREe ee 
‘been based by beliovers in spontaneous 

ta have been used by the opponents of ore 
theory of epidemic disease, who have triumphantly chal 
longed an appeal to the microscope and thechemist's balance 
to decide the question. Such arguments, however, are 
founded on a defective acquaintance with the powers und 
properties of matter. Without committing myself in the 
least to De la Rive’s notion, to the doctrine of spontaneous: 
generation, or to the germ theory of disease, I would simply 
draw attention to the demonstrable fact, that, in the atmo- 
sphere, we have particles which defy both the microsoops 
and the balance, which do not darken the air, and which 
exist, nevertheless, in multitudes sufficient to reduce to 
insignificance the Ismelitish hyperbole regarding the sands 
‘upon the seashore. 

The varying judgments of men on these and other 
questions may perhaps be, to some extent, accounted for 
by that doctrine of Relativity which plays #0 important a 
part in philosophy. ‘Thiv doctrine affirms that the impres- 
sions made upon us by any circumstance, or combination 
of circumstances, depend upon our previous state. Two 
travellers upon the same height, the one having ascended 
to it from the plain, the othor having descended to it from 
4 higher elevation, will be differently affected by the soene 
around them. To the one nature is expanding, to the 
other it is contracting, and feelings which have two 
such different antecedent states are sure to differ. In 
our scientific judgments the law of relativity may also 
play an important port. To two mon, one educated in 
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the school of the senses, having mainly occupied himself 
with observation ; the other educated in the school of ima 
gination as well, and exercised in the conceptions of atoms 


: and molecules to which we have so frequently referred, a 


mH 


bit of matter, say ggigzth of an inch in diameter, will 
present itself differently. The one descends to it from 
his molar heights, the other climbs to it from his mole- 
cular low-lands. To the one it appears small, to the 
other large. So, also, as regards the appreciation of the 
most minute forms of life revealed by the microscope. ‘To 
one of the men these naturally appear conterminous with 
the ultimate particles of matter; there is but a step 
from the atom to the organism. The other discerns 
numberless organic gradations between both. Compared 
with his atoms, the smallest vibrios and bacteria of the 
microscopic field are as behemoth and leviathan. The 
law of relativity may to some extent explain the different 
attitudes of'two such persons with regard to the question of 
spontaneous generation. An amount of evidence which 
satisfies the one entirely fails to satisfy the other; and 
while to the one the last bold defence and startling ex- 
pansion of the doctrine by Dr. Bastian will appear per- 
fectly conclusive, to the other it will present itself as 
imposing a profitless labour of demolition on subsequent 
investigators. 

Let me say here that many of our physiological observers 
appear to form a very inadequate estimate of the distance 
which separates the microscopic from the molecular limit, 
and that, as a consequence, they sometimes employ a 
phraseology calculated to mislead. When, for example, 
the contents of a cell are described as perfectly homo- 
geneous, or as absolutely structureless, because the 
microscope fails to distinguish any structure; or when 
two structures are pronounced to be without difference, 
because the microscope can discover none, then I think 
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@ fashion perfectly determinate both ss to quantity and 
direction. 


Have the diamond, the amethyety end the countless 





othos crystals formed in the laboratories of nature and of 
man no structure? Assuredly they baye; but what can 
tho microscope make of it? Nothing. It cannot be too 
distinctly borne in mind that between the microscopic 
limit, and the true molecular limit, there is 

infinite permutations and combinations, It is in this re- 
gion that the poles of the atoms are arranged, that tendency 
is given to their powers; so that when these poles and 
powers have free action, proper stimulus, and a euitable 
environment, they determine, first the germ, and after- 


wards the complete organism. This first marshalling of 
the atoms, on which all subsequent action depends, baffles 
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‘bas drawn heavily upon time in his developmont of epecios, 
‘and he has drawn adventurously upon matter in his theory 
of pangenesis. According to this theory, a germ already 
microscopi world of minor germs. Not only is the 
organism as a whole wrapped up in the germ, but every 
organ of the organism has there its special seed. This, I 
say, is an adventurous dmft on the power of matter to. 
divide iteclf and distribute ita forces, But, unless we are 
perfoctly sure that he is overstopping tho bounds of rea- 
eon, that he is unwittingly sinning against observed fact 
or demonstrated law—for a mind like that of Darwin can 
never sin wittingly against either fact or law—we ought, 
I think, to be cautious in limiting his intellectual hori-~ 
zon. If thore be the least doubt in the matter, it ought 
to be given in favour of the freedom of such a mind. To 
it a vast possibility is in itself a dynamic power, though 
the possibility may never be drawn upon. It gives me 
pleasure to think that the facts and reasonings of this 
discourse tond rather towards the justification of Mr. 
Darwin, tian towards his condemnation; that they tend 
rather to augment than to diminish the cubic space de~ 
manded by this soaring speculator. For they seem to 
show the perfect competence of matter and force, as re- 












9 +n using the expression "ovo sort of living substance” 1 must: guart 
agvinst being suppored to moan that aay kind of living protopleamm ia 
Homogeneous, Hyaline though it may appear, we are not at present able 
‘to assign any Limit to Its complexity of structury—Burdou Sanderson, ia 
the * British Modical Jourual,’ January 16, 187% 

We havo hero seientitic insight, and itx eorrelativn evtion. Tn fact 
Dr, Sandervon's important researches are a continued illustration of the po 
sition Inid down above, 
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sugncity. sod onccees vet a birtaks agian 
biological succession. Guided by analogy, in his* Origit 
of Species’ he placed at the root of life-a primordial 
germ, from which ho conceived the amazing richness and 
variety of the organisms now upon the earth's surface 
might be dedwced. If this hypothesis were even trag, ib 
woald not be final, The human mind would in- 
fallibly look behind the germ, and, however hopeless the 
attempt, would enquire into the history of ite genesia. In 
this dim twilight of conjecture the searcher welcomes 
every gleam, and seeks to sugment his light by indirect 
incidences. He stadies the methods of nature in the aget 
and the worlds within his reach, in order to shape the course 
of speculation in the antecedent ages and worlds. And 
though the certainty possessed by experimental enquiry is 
bere shut out, we are not left entirely without guidance. 
From the examination of the solar system, Kant and 
Laplace came to the conclusion that its various bodies 
ones formed parts of the same undislooated mass; that 
matter in a nebulous form preceded matter in its present: 
form; that as the ages rolled away, heat was wasted, 
condensation followed, planets were detached; and that 
finally the chief portion of the hot cloud reached, by 
eelf-compression, the magnitude and density of our sun. 
‘The carth iteolf offers evidence of a fiery origin; and in 
our day the hypothesis of Kant and Laplace receives the 
independent countenance of spectrum analysis, which 
Proves the same substances to be common to’the earth 
and sun, 

Accepting some such view of the construction of our 





to th world. Dunng: his discourse he seemed. bo ke 
Pepeemplreniaecer ee 
he was opposing a general conviction, 

resistance ; so did TE perenne 
waa no adverse current, no opposing conviction, no resist 
ance; merely here and there a balfhumorous, bat w- 
successful, attempt to-entangle him in bis tall. ‘The 
meoting agroed with all thnt had boon said regarding tht 
antiquity of the earth and of its life. ‘They had, indeed, 
known it all long ago, and they rallied the lecturer for 
coming amongst thom with so stale a story. Tt ws 
quite plain that this large. body of clergymen, who were, 
I should say, the finest samples. of their class, had ex- 
tirely given up tho ancient landmarks, and trangported 
the conception of life's origin to an indefinitely distant 
past. 








‘This leads us to the gist of our present enquiry, whieh 
is this: Does life belong to what we eall matter, or is 
it an independent principle inserted into matter at some 
suitable epoch—say, when the physical conditions became 
such as to permit of the development of life? Let ms 
put the question with the reverence duc to a faith 
and culture in which we all wore cradled, and which 
are the undeniable historic antecedents of our present 
enlightenment, I say, let ux put the question reverently, 
Dut let us also put it clearly and definitely. ‘There sre 
the strongest grounds for believing that during a certain 
period of its history the earth was not, nor was it fit 
to be, the theatre of life. Whether this was ovor a 
nebulous period, or merely a molten period, does not 
much matter; and if we revert to the ncbulous condition, 
it is because the probabilities are really on its side, Our 
question is this: Did creative energy pauso until, the 
nebulous matter had condensed, until the earth had been 


dotached, until the solar fire had so far withdrawn from. 






earth's vicinity as to permit a crust to gather round 
‘the planct ? Did it wait until the air wasisolated ; until 







molten rocks so as to form soils; until the sun’s rays had 
become so tempered by distance, and by waste, as to be 
chemically fit for the decompositions necessary to vege= 
table life? Having waited through those mona until the 
proper conditions bad set in, did it send the fiat forth, 
* Let there be Life]’? These questions define a hypo- 
thesis not without its difficulties, but the dignity of which 
was demonstrated by the nobleness of the men whom it 
sustained. 

Modem scientific thought is called upon to decide 
between this hypothesis and another; and public thought 
generally will afterwards be called upon to do the same. 
But, however the convictions of individuals here and 
there may be influenced, the process must be slow and 
socular which commends the bypothesis of Natural Evolu- 
tion to the public mind. For what: are the core and 
essence of this hypothesis? Strip it naked, and you 
stand face to face with the notion that not alone the 
more ignoble forms of animaloular or snimal life, not 
alone the nobler forms of the horse and lion, not alono 
the oxquisite and wonderful mechanism of the human 
body, but that the human mind itself—cmotion, intellect, 
will, and all their phenomena—were ones latont in a fiery 
cloud. Surely the mere statement of such « notion is 
more than a refutation. Bub the hypothesis would pro- 
bably go even farther than this, Many who hold it 
would probably assent to the position that, at the present 
moment, all our philozophy, all our poctry, all our ecienoe, 
and all our art—Plato, Shakspeare, Newton, and Raphael 
are potential in the fires of the sun. We long to learn 
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soinething of our origin. If the Evolution hypothesis be 
correct, even this unsatisfied yearning must have come to 
ns nerosy the ages which separate the unconscious primeval 
mist. fram the consciousness of to-day. I do not think 
that any holder of the Evolution hypothesis would say 
that I overstate or overstrain it in any way. I merely 
strip it of all vagnoness, and bring before you, unclothed 
and unvarnished, the notions by which it must stand or 
fall. 

Surely these notions represent an absurdity too mon- 
strous to be entertained by any sane mind. Bub why are 
such notions absurd, and why should sanity reject them ? 
The Inw of Relativity, of which we have previously spoken, 
may find ite application here, These Evolution notions 
are absurd, monstrous, and fit only for the intellectual 
gibbet, in relation to the ideas concerning matter which 
were drilled into ux when young. Spirit and matter have 
ever been presented to us in the rudest contrast, the one 
as all-noble, the other as all-vile. But is this correct? 
Upon the anewer to this question all depends. Supposing 
that, instead of having the foregoing antithesis of spirit 
and matter prosented to our youthful minds, we had 
been taught to regard them as equally worthy, and 
equally wonderful ; to consider them, in fact, as two op- 
posite faces of the selfsame mystery. Supposing that in 
youth we had been impregnated with the notion of the poet 
Gocthe, instead of the notion of the poct Young, looking 
ut matter, not as bruto matter, but as the * living garment 
of God;’ do you not think that under these altered ¢ix- 
cumstances the law of Relativity might have had an 
outcome different from its present one? Ts it not pro 
buble that our repugnance to the idea of primeval union 
between spirit and matter might be considerably abated ? 
Without this total revolation of the notions now pre 
valent, tho Evolution hypothesie must stand condemmed ; 






‘not in words, their position as regards the relation of 
‘spiritand matter is: ‘ What God hath joined together let 
‘not man put asunder,’ 

‘You have been thus led tothe outer rim of speculative 
science, for beyond the nebulw scientific thought has 
never hitherto ventured, I have tried to state that which 
I considered ought, in fairness, to be outspoken. I 
neither think this Evolution hypothesis is to be flouted 
away contemptuously, nor that it ought to be denounced 
as wicked. It is to be brought before the bar of dis- 
ciplined reason, and there justified or condemned. Let 
us hearken to those who wisely support it, and to thoes 
who witely oppose it; and let us tolerate those, whose 
namo is legion, who try foolishly to do either of these 
things. The only thing out of place in the discussion is 
dogmatism on either side, Fear not the Evolution hypo= 
thesis. Steady yourselves, in its presence, upon that faith 
in the ultimate triumph of truth which was oxpressed 
by old Garnalicl when he said: ‘If it be of God, ye 
eannot overthrow it; if it be of man, it will come to 
nought” Under the fierce light of scientific enquiry, 
it is sure to be dissipated if it possess not a core of truth. 
‘Trost me, its existence as a hypothesis ix quite com= 
patible with the simultaneous existence of all those virtues 
to which the term ‘ Christian’ has been applied. It does 
not solve—it does not profess to solye—the ultimate 
mystery of this universe, It leaves, in fact, that mystery 
untouched. For, granting the nebula and ite potential 
life, the question, whence they came, would still remain 
to baile and bewilder us. At bottom, the hypothesis does 











only yield to it a provisional sssent, They regard the 
nebular hypothesis at probable, and, in the utter absence 
of any evidence to prove the net illegal, they extend the 
method of nature from the present into the past. Here 
the observed uniformity of nature fs their only guide. 
Within the long range of physical enquiry, they have 
never discerned in natare the insertion of caprice 
Throughout this range, the laws of physical and intel- 
lectual continuity have run side by side, Having thus 
dictermined the elements of their curve in & world of 
observation and experiment, they prolong that curve into 
an antecedent world, and accept as probable the unbroken 
sequence of development from the nebula to the present 
time. You never hear the really philosophical defenders 
of the doctrine of Uniformity speaking of impossibilities 
in nature, They never say, what they are 

charged with saying, that it is impossible for the Builder 
of the universe to alter His work. ‘Thoir business is 
not. with tho possiblo, but the actual—not with a world 
which might be, but with a world that is, This they 
explore with a courage not unmixed with reverence, and 
according to methods which, like the quality of a tres, are 
tested by their fruits. Thoy have but one desire—to 
know the truth. They have but one fear—to believe a 
lie, And if they know the strength of scionce, and rely 
upon it with unswerving trust, they also know the limits 
beyond which science ceases to be strong. ‘They best know 
that questions offer themselves to thought. whieh selenoe, 
48 now prosecuted, has not even the tendency to solve. 


* Bee elfaet Addesse/ yp SOT; and “Apology! pists, 


as little fellowship with the atheist who says there is 
10 God, as with the theist who professes to know the mind 
if *Two things, said Immanuel Kant, ‘fill me with 

: the starry heavens, and the sense of moral responsi- 
in mun! And in his hours of health and strength 
sanity, when the stroke of action has ceased, and the 
pauze of reflection has set in, the scientific investigator 
finds himself overshadowed by the same awe. Breaking: 
contact with the hampering details of earth, it nssocintes 
him with a Power which gives fulness and tone to his 
existence, but which he can neither analyse nor com- 
prebend. 









| Musings on the Matterhorn, Fuly 27, 1868. 


“Hacked and burt by time, the aspect of the moun- 
tain from its higher craga enddened me, Hitherto the 
impression it made was that of suyage strength ; here we 
had inexorable decay. But this notion of decay implied 
n reference toa period when the Matterhorn was in the 
full strength of mountainhood. Thought naturally .ran 
back to its remoter origin and sculpture. Nor did 
thought halt there, but wandered on through molten 
worlds to that nebulous haze which philosophers have re- 
garded, and with good reason, as the proximate source of 
all material things, I tried to look at this universal 
cloud, containing within itself the prediction of all that 
has since occurred ; I tried to imagine it as the seat of 
those forces whose action was to issue in solar and stellar 
systems, and all that they involve. Did that formless fog 
contain potentially the sadness with which I regarded 
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the Matterhorn? Did the #/ 
to it simply retarn to its prit 
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VITALITY. 


T]MHE origin, growth, and energies of living things are 


subjects which have always engaged the attention of 
thinking men. Toaccount for thom it was usual to assume 
‘a special agent, free to a great extent from the limitations 
observed among the powers of inorganic nature. Thisagent 
‘was called the vital force; and, under its influence, planta 
and animals were supposed to collect their materials and 
to assume determinate forms, Within the last few years, 
however, our ideas of vital processes have undergone pro- 
found modifications; and the interest, and even disquictude, 
which the change has excited are amply evidenced by the 
discussions and protests which are now common regarding 
the phenomena of vitality. In tracing these phenomena, 
through all their modifications, the most advanced philogo~ 
phers of the present day declare that they ultimately arrive 
at a single source of power, from which all vital energy ix 
flerived; and the disquieting circumstance is that this 
source is not the direct fiat of a supernatural agent, but a 
reservoir of what, if we do not uccept the creed of Zoronster, 
aust be regarded as inorganio force. In short, it is con- 
sidered ag proved that all the energy which we derive from 
plants and animals is drawn from the sun, 

‘A few years ayo, when the sun was affirmed to be the 
source of life, nine out of ten of those who are alarmed by 
the form which this assertion has latterly assumed would 

a2 





were by no means prepared to sco a rigid mechanical sig- 
nification attached to their words, ‘This, however, is the 
peculiarity of modern conclusions :—that there is no creative 
energy whatever in the vegetable or animal orgunism, but 
that all the power which we obtain from the muscles of 
man and animals, as much as that which we develop by 
the combustion of wood or coal, has been produced at the 
sun'sexpense. Thesun is so much colderthat we may have 
our fires ; he is also so much colder that we may have our 

and Alpine climbing. Tt is, for example, 
certain that the sun has been chilled to an extent enpable 
of being accurately expressed in numbers, in order to fur 
nish the power which lifted this year a certain number of 
‘tourists from the vale of Chamouni to the summit of Mont 
Blanc. 

‘To most minds, however, the energy of light and heat 
presenta itself as a thing totally distinct from ordinary me- 
chanical energy. But either of them can be derived from 
the other. Wood can be raised by friction to the tempera 
ture of ignition ; while by properly striking a piece of iron 
a skilful blacksmith can cause it to glow. Thus, by the 
rude agency of his hammer, he generates light and heat. 
‘This action, if carried far enough, would produce the light 
and heat of the sun. In fact the sun's light and heat hare 
actually been referred to the fall of meteoric matter upon 
his surface ; and whether the sun is thus supported or not, 
it is perfectly cortain that ho might be thus supported. 
Whether, moreover, tho whilom molten condition of our 
planot was,as supposed by eminent men, due to the collision 
of cosmic masses or not, it is perfectly certain that the 
molten condition might be thus brought about. If, then, 
solar light and heat can be produced by the impact of dead 
‘Matter, and if fromthe light and heat thus produced we ean 
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rive the energies which we have heen accustomed to call 
it indubitably follows thnt vital energy may havea 


In what sense, then, is the sun to be regarded as the 

n of the energy derivable from plants and animals? 

try to give an intelligible answer to this question, 

‘may be raised from the sea-lovel to a high clovation, 

then permitted to descend. In descending it may be 

de to assume various forms—to full in cascades, to spurt 

mn fouritains, to boil in eddies, or to flow tranquilly alonga 
uniform bed. It may, moreover, be caused to set complex 
pachinery in motion, to turn millstones, throw shuttles, 
cepa na add hatcivien) and ditto jilea? But every form 
of power here indicated would be derived from the original 
‘power expended in raising the water to the height from 
which it fell. There is no energy generated by the 
machinery; the work performed by the water in de 
-seending is merely the parcelling out and distribution of 
the work expended in raising it. In precisely this sense 
is all the energy of plants and animals the parcelling out 
and distribution of a power originally exerted by the sun. 
Tn tho case of the water, the source of the power consists in 
the forcible ceparation of a quantity of the liquid from 
‘a low level of the earth’s surface, and its elevation to a 
higher position, the power thus expended being returned 
by the water in its descent. In the case of vital pheno- 
mena, the source of power consists in the forcible separa 
tion of the atoms of compound substances by the sun.'! We 
name the force which draws the wator earthward § gravity,’ 
and that which draws atoms together ‘chernical affinity ;* 
ut these different names must not mislead us rogarding 
the qualitative identity of the two forces. They are 
both attractions ; and, to the intellect, the falling of carban 
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seco agains caypussbons eee ee 
ception than the falling of water to the earth. 

‘The building up ot the vogetablo, then, is effected by 
the sun, through the reduction of chemical compounds 
‘The phenomena of animal life are more or less 
reversals of these processes of reduction. We eat the 
vegetable, and we breathe the oxygen of the air; and in our 
bodies the oxygen, which had been lifted from the carbon 
and hydrogen by the action of the sun, again falls towards 
them, producing animal heat and developing animal forms 
law rung :—the vegetable is produced while a weight rises, 
the animal is produced while a weight falls. But the ques 
tion is not exhausted here. The water employed in our 
first iustration generates all the motion displayed in its 
descent, but the form of the motion depends on the cha- 
racter of the machinery interposed in the path of the 
water. In a similar way, the primary action of the sun's 
rays i¢ qualified by the atoms and molecules among which 
their energy is distributed. Molecular forees determine 
the form which the solar energy willassume. Tn the sepa 
ration of the carbon and oxygen this energy may be so con- 
ditioned as to result in one case in the formation of a 
cabbage, and in another caze in the formation of an oak. 
So also,as regards the reunion of the carbon and the oxygen, 
the molecular machinery through whieh the 
energy acts may, in one cave, weave the texture of a frog 
while in another it may weave the texture of a man, 

The matter of the animal body is that of inorganic 
nature. There is no substance in the animal tissues which 
is not primarily derived from the rocks, the water, and 
the air. Aro the foroos of organic matter, then, different 
in kind from those of inorganic matter? ‘The philosophy 
of the present day negutives the question. It is the 
sompounding, in the organic world, of forces belonging 
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that it would not. Or, supposing a planet carved from 
the sun, set spinning round an axie, and revolving round 
the sun ata distance from him equal to that of our 
earth, would one of the consequences of its 

tion be the development of organic forma? I lean to the 
affirmative. Structural forces are certainly in the mas, 
whether or not those forces reach to the extent of forming 
a plant or an animal. In an amorphous drop of water lis 
latent all the marvels of crystalline force; and who will 
ect limits to the possible play of molecules in a cooling 
planet ? If these statements startle, it is because matter 
has been defined and maligned by philosophers and theo- 
logiana, who were equally unaware that it is, at bottom, 
essontially mystical and transcendental. 

Questions such as these derive their present interest in 
great part from their audacity, which is sure, in due time, 
to disappear, And the sooner the public dread is abolished 
with reference to such questions the better for the caso 
of truth, As regards knowledge, physical science is polar. 
In one sense it knows, or is destined to know, everything. 
In another senso it: knows nothing. Science understands 
much of this intermediate phase of things that we call 
nature, of which it is the product; but science knows 
nothing of the origin or destiny of nature. Who or what 
made the sun, and gave his rays their alleged power? 
Who or what made and bestowed upon the ultimate parti- 
cles of matter their wondrous power of varied interaction ? 
Science does not know: the mystery, though pushed back, 


‘ VITALITY. 165 
it remains unaltered. To many of us who feel that there 
® are more things in heaven and earth than are dreamt of in 
1 the present philosophy of science, but who have been also 
taught, by baffled efforts, how vain is the attempt to 
grapple with the Inscrutable, the ultimate frame of mind 
is that of Goethe: : 

Who dares to name His name, 

Or belief in Him proclai: 

Veiled in mystery as Ho is, the All-enfolder ? 

Gleams across the mind light, 


Feels the lifted soul His might, 
Dare it then deny His reign, the All-upholder ? 





All the ‘materialism’ of the ‘ Belfast Address’ seems 
to me to be concentrated in this somewhat ancient frag- 
ment. 1875. 
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ON PRAYER AS A FORM OF PHYSICAL ENERGY. 
1872, 


HE Editor of the ‘Contemporary Review’ is liberal 

enough to grant me space for some remarke upen 

subject, a former reference to which has brought down 
npon mo a considerable amount of animndvorsion. 

Tt may be interesting to some of my readers if T iglanen 
at a fow cases illustrative of the history of the haman 
mind, in relation to this and kindred questions. In the 
fourth century the belief in Antipodes was deemed un= 
scriptural and heretical. The pious Lactantius was as angry 
with the people who held this notion as my censors are now 
with me, and quiteas unsparing in his denunciations of their 
*Monstrosities.’ Lactantius was irritated beeause, in his 
mind, by education and habit, cosmogony and religion 
were indissolubly associated, and, therefore, simultaneously 
disturbed. In the carly part of the seventeenth contary 
the notion that the carth was fixed, and that the sun and 
stars revolved round it daily, was interwoven with religious 
focling, the separation then attempted by Galileo arousing 
the animosity and kindling the persecution of the Chureh. 
Men still living can remember the indignation excited 
by the first rovelations of geology regarding tho age of 
the earth, the assovintion between chronology and religion 
being for the time indissoluble. In our day, however, the 


' Tveas made aware of this by the newspapers which resehed mo in 
Switzerland in July 1872. 
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best-informed theologians are prepared to admit that our 
views of the Universe and its Author are not impaired, 
‘but improved, by the abandonment. of the Mosaic account 
of the Creation. Look, finally, at the excitement caused 
by the publication of the * Origin of Species;” and com- 
pare it with the calm attendant on the appearance of the 
far more outspoken, and, from the old point of view, more 
impious, * Descent of Mun.’ 

Thus religion survives after the removal of what had 
been Tong considered essential to it. In our day the Anti- 
podes are accepted ; the fixity of the earth ix given up; 
the period of Creation and the reputed age of the world 
are alike dissipated; Evolution is looked upon without 
terror, and other changes have occurred in the same direo~ 
tion too numerous to be dwelt upon here. In fact, from 
the earliest times to the present, religion has been under~ 
going a process of purification, freeing itself slowly and 
painfully from the physical errors which the active but 
uninformed intellect mingled with the aspirations of the 
soul, Some of us think that a final act of purification is 
needed, while others oppose this notion with the confidence 
and the warmth of ancient times, The bone of conten- 
tion at present is the physical value of prayer. It is not 
any with to excite surprise, much less to draw forth protest, 
by the employment of this phrase. I would simply ask 
any intelligent person to look the problem honestly in the 
face, and then to say whether, in the estimation of the 
great body of those who sincerely resort to it, prayer does 
not, at all events upon epecial occasions, invoke a Power 
which checks and augments the descent of rain, which 
changes the force and direction of winds, which affecte the 
growth of corn, and the health of menand cattle—a Power, 
in short, which, when appealed to under pressing ciroum- 
stances, produces the precive effects caused by phyxical 
energy in the ordinary course of things. To any person 
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who deals sincerely with the subject, and refuses to blur 
his moral vision by intellootual eubtlotios, this, I think, will 
appear a trueetatement of thocase, 

Thibs:unten this ampocialcoas ae ease nana 
20 far as I represent him, has any wish to meddle with 
prayer. Forced upon his attention as a form of physical 
energy, or as the equivalent of such energy, he claims the 
right of subjecting it to those methods of examination 
from which nll our present knowledge of the physical 
universe is derived. And if his researches lead him to a 
conclusion adverse to its claims—if his enquiries rivet him 
still closer to the philosophy implied in the words, He 
maketh His sun to shine.on the evil and ou the good, 
and sendeth rain upon the just and upon the unjust’—he 
contends only for the displacoment of prayer, not for its 
extinction. He aimply says, phygical nature is mot its 
legitimate domain. 

This conclusion, moreover, must be based om pure 
physical evidence, and not on any inherent unreasonable- 
ness in the act of prayer. The theory that the systera of 
nature is under the control of a Being who changes phe 
nomena in compliance with ¢he prayers of men, is, in my 
opinion, 4 perfectly legitimate onc. It may of course be 
rendered futile by being associated with conceptions 
which contradict it; but such conceptions form no neces 
sary part of the theory. Th isn matter of experience that 
an carthly father, who is at the same time both wise and 
tender, listens to the requests of his children, and, if they 
do not ask aris, takes pleasure in granting their requests. 
We knowalso that this compliance extends to the alteration, 
within certain limits, of the current of events on earth, 
With this suggestion offered by experience, it, ia no de= 
parturo from scientific method to place behind natural 
phenomena 4 Universal Father, who, in answer to the 
prayers of His children, alters the currents of those pheno- 
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Silage lis conception at: the rock, of phenomena as I have to 
‘place mine, 


But without verification a theoretic conception is 
a more figment of the intellect, and [ am sorry to find us 
parting company at this point. The region of 

both in science and theology, lies behind the world of 
the senses, but the verification of theory occurs in the 
sensible world. To check the theory we have simply to 
compare the deductions from it with the facts of observa~ 
tion. If the deductions be in accordance with the facts, 
we aceept the theory: if in opposition, the theory is 
given up. A single experiment: is frequently devised, by 
which the theory must stand or fall. Of this character 
was the determination of the velocity of light in liquide, 
a8 a crucial test of the Emission Theory. According to 
it, light travelled faster in water than in air; according 
to the Undulatory Theory, it travelled faster in air than 
in water. An experiment suggested by Arago, and exe- 
cuted by Fizeau and Foucault, was conclusive against 
Newton's theory. 

But, while science cheerfully submits to this ordeal, it 
seems impossible to devise a mode of verification of their 
theories which does not arouse resentment in theological 
minds. Is it that, while the pleasure of the scientific man 
culminates in the demonstrated harmony between theory 
and fact, the highest pleasure of the religious man has 
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gard others who employ it, as forming part of the very 
cream of the earth. The faith that adds to the folly 
and ferocity of the one, is turned to enduring sweet- 
ness, holiness, abounding charity, and self-sacrifice by the 
other. Religion, in fact, varies with the nature upon which 
it fall, Often unreasonable, if not contemptible, prayer, 
in its purer forms, hints at disciplines which few of us can 
neglect without moral loss. But no good can come of 
giving it a delusive value, by claiming for it a power in 
physical nature. It may strengthen the heart to meet 
life's losses, and thus indirectly promote physical well- 
being, as the digging of sop’s orchard brought a treasure 
of fertility greater than the golden treasure sought. Such 
indirect issues we all admit; but it would be simply dis- 
honest to affirm that it is such issues that are always in 
view. Here, for the present, I must end. I ask no space 
to reply to those railers who make such free use of the 
terms insolence, outrage, profanity, and blasphemy. 
They obviously lack the sobriety of mind necessary to 
give accuracy to their statements, or to render their 
charges worthy of serious refutation. 





THE BELPAST ADDRESS. 
1874. 


ieee 


AX impulse inherent in primeval man ‘turned bis 
thoughts and questionings betimes towards the 
eoureee of natural phenomena. The same impulse, inherited 
and intensified, is the spur of sclentificaction to-day, Deter 
mined by it, by a process of abstraction from 
form physical theories which lie beyond the pale of experi= 
ence, bub which satisfy the desire of the mind to see every 
natural occurrence resting upon a cause. In forming 
their notions of the origin of things, our earliest historic 
(and doubtless, we might add, our prehistoric) anocstors 
pursued, a8 far as their intelligence permitted, the same 
course. They also fell back upon experience ; but with 
this difference—that the particular experiences which 
furnished the weft and woof of their theories were drawn, 
not from the study of nature, but from what lay much 
closer to them—the observation of men. Their theories 
accordingly took an anthropomorphic form. To super- 
sensual beings, which, ‘however potent and invisible, 
were nothing but a species of human creatures, perhaps 
raised from among mankind, and retaining all human 
passions and appetites,’ were handed over the rule and 
governance of natural phenomena. 

‘Tested by observation and reflection, thee oarly 
notions failed in the long run to satiefy tha more pene- 


* Hume, + Natural Histery of Haligiea!™ 





| trating intellects of our race. Far in the depths of his- 
_ tory we find men of exceptional power differentiating 
themselves from the crowd, rejecting fg. these anthropo= 
morphic notions, and seeking to connect natural pheno- 
mena with their physical principles. But, long prior to 
these purer efforts of the understanding, the merchant had 
been abroad, and rendered tho philosopher possible, 
commerce had been developed, wealth amassed, leisure 
for travel and speculation secured, while muces educated 
under different conditions, and therefore differently in= 
formed and endowed, had been stimulated and sharpenod 
by mutual contact. In those regiona where the com- 
mercial aristocracy of ancient Groece mingled with its 
eastern neighbours, the sciences were born, being nur- 
tured and developed by free-thinking and courageous 
men. The state of things to be displaced may be gathered 
from « passage of Euripides quoted by Hume. ‘There is 
nothing in the world; no glory, no prosperity. The gods 
toss all into confusion; mix everything with its reverse, 
‘that all of us, from our ignorance and uncertainty, may 
pay them the more worship and reverence.’ Now, as 
science demands the radical extirpation of capriea, and the 
absolute reliance upon law in nature, there grew, with the 
growth of scientific notions, a desire and determination to 
sweep from the field of theory this mob of gods and de- 
mons, and to place natural phonomena on a basis more 
congruont with themsolvce. 

The problem which had been previouely approached 
from above, was now attacked from below; theoretic 
effort passed from the super- to the sub-sensible. Tt was 
felt that to construct the universe in idea, it was necessary 
to have some notion of ita constituent parta—of what 
Lucretius subsequently called the ‘First Beginnings,’ 
Abstracting aguin from experience, the leaders of scientific 
speculation reached at length the pregnant doctrine of 
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making himeclf known. Indcod, the dialectic strife in 
which Socrates so much delighted, had no charm for 
Demvperitus, who beld that ‘the man who readily contra- 
diets, and uses many words, is unfit to learn 
truly right’ He is said to have discovered and odneated 
Protagoras the Sophist, being struck as much by the 
manner in which he, being a hewer of wood, tied up his 
faggots, as by the sagacity of his conversation. Demo- 
critus returned poor from his travels, was supported by 
his brother, and at length wrote his great work entitled 
* Diakosmos,’ which he read publicly before the people of 
his native town. Hoe was honoured by his countrymen in 
various ways, and died serenely at a great age. 

‘The principles enunciated hy Democritus reveal his 
uncompromising antagonism to those who deduced the 
phenomena of nature from the caprices of the gods. 
‘They aro briefly these: 1. From nothing comes nothing. 
Nothing that existe can be destroyed. All changes arc 
due to the combination and separation of molecules, 2. 
Nothing happens by chance: every occurrence has its 
cause, from which it follows by necessity. 3. The only 
existing things are the atoms and empty space; all olse is 
mere opinion. 4, The atoms are infinite in number, and 
infinitely various in form ; they strike together, and the 
lateral motions and whirlings which thus arise are the 
beginnings of worlds, 5. ‘The varietios of all things de- 
pond upon the varieties of their atoms, in number, size, 
and aggregation. 6. The soul consists of fine, smooth, 
ronnd atoms, like those of fire. These are the most 
mobile of all: they interpenetrate the whole body, and 
in their motions the phenomena of life arise, 

‘The first five propositions are a fair general statement 
of the atomic philosophy, as now held. As regards the 
sixth, Democritus made his finer atoms do duty for the 
‘nervous system, whose functions were then unknown. 








Cae a ek eee that’ of Demo- 
‘eritus; but) he never quoted either friend or foo. One 
main object of Epicurus was to free the world from super- 
stition and the fear of death. Death he treated with 
indifference. It merely robs us of sensation. As long as 
we are, death is not; and when death is, we are not. 
Life has no more evil for him who has made up his mind 
that it is no evil nol to live. He adored the gods, but: 
not in the ordinary fashion. The idea of Divine power, 
properly purified, he thought an elevating one. Still he 
taught, ‘Not he is godless who rejects the gods of the 
crowd, but rather he who accepts them.’ The gods wore 
to him eternal and immortal beings, whose blessedness 
excluded every thought of care or occupation of any kind. 
Nature pursues her course in accordance with everlasting 
laws, the gods never interfering. They haunt 

‘Tho Tucid interspace of world wud world 

‘Whero never erecps a cloud or moves a wiad, 

Nor aver falls tho leat white star of enow, 

‘Nor over lowest roll of thnnder mons, 

‘Nor sound of human sorrow mounte to mar 

hole cacved eveelacting onlm.? 

Lange considers the relation of Epicurus to the gods 
subjective ; the indication, probably, of an ethical require- 
ment of his own nature. Wo cannot read history with 
open oyes, or study human nature to its depths, and fail 
to discera such a requirement. Man never hax been, and 
he never will be, satisfied with the operations and products 

_ of the Understanding alone; hence physical science cannot 
cover all the demands of his nature. But the history of 
the efforts made to satisfy these domands might be 
broadly described as a history of errors—the error, in 
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“relation 
to the gods. And it is assuredly a fact, that loftines 
and serenity of thought may be promoted by conceptions 
which involve no idea of profit of thie kind. ‘Did I not 
believe! suid a great man! to me onee, ‘that an Intelli- 
gence is at the heart of things, my life on earth would be 
intolerable.’ The utterer of these words is not, in my 


find comfort and edification in an abstract and learned 
phraseology. ‘To such people Epicurus, who spared no 
pains to rid his style of every trace of haze and tur- 
bidity, appeared, on thie very account, superficial. He 
hud, however, a disciple who thought it no 

occupation to spend his days and nights in the effort to 
roach the clearness of his master, and to whom the Greek 
philosopher is mainly indebted for the extension and 
perpetuation of his fame. Some two centuries after the 
death of Epicurus, Lucretius® wrote his great poem, ‘On 
the Nature of Things, in which he, a Roman, 

with extraordinary ardour the philosophy of his Greck 
predecessor. He wishes to win over his friend Memniue 
to the school of Epicurus ; and although he bas no rewards 
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a future life to offer, although his object appears to be 

purely negative one, he addresses his friend with the 
heat of an apostle. His object, like that of his great 
forerunner, is the destruction of superstition; and con- 
sidering that men in his day trembled bofore every 
natural event as a djrect monition from the gods, and that 
everlasting torture was also in prospect, the freedom 
aimed at by Lucretius might he deemed a positive good. 
© This terror,’ he says, ‘and darkness of mind, must be 
dispelled, not by the rays of the sun and glittering shafts 
of day, but by the aspect and the law of nature,’ He re- 
futes the notion that anything can come out of nothing, 
or that what is once begotten can be recalled to nothing. 
Tho first boginnings, the atoms, are indostructiblo, and 
into them all things can be resolved at Jast. Bodies are 
partly atoma and partly combinations of atoms; but the 
atoms nothing can quench. They are strong in solid 
singleness, and, by their denser combination, all things 
can be closely packed and exhibit enduring strength. 
He denies that matter is infinitoly divisible, We come 
at length to the atoms, without which, az an imperishable 
substratum, all order in the generation and development 
of things would be destroyed. 

‘The mechanical shock of the atoms being, in his view, 
the all-auffleient cause of things, he combats the notion 
that the constitution of nature has been in any way de 
termined by intelligent design. The interaction of the 
atoms throughout infinite time rendered all manner of 
combinations possible. Of these, the fit ones persisted, 
while the unfit ones disappeared. Not after sage deliberu- 
tion did the stoms station themselves in their right 
places, nor did they bargain what motions they should 
meume. From all eternity they have been driven together, 
and, after trying motions and unions of every kind, they 
fell at length into the arrangements out of which this 





sents simply a white patch upon the green e jun 
ing of the individual lambs being quite invisible, 
His vaguely grand conception of the atoms falling 
eternally through space, suggested the nebular hypothesis 
to Kant, its first, propounder. Far beyond the limits of 
our visible world are to be found atoms innumerible, 
which have never been united to form bodies, or 
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everywhere throughout the All the same conditions are 
repeated, so must the phenomena be repented also, Above 
‘us, below us, beside us, therefore, are worlds without end; 
and this, when considered, must dissipate every thought 
of a deflection of the universe by the gods. ‘The worlds 
como and go, attracting new atoms ont of Limitless space, 
or dispersing their own particles. ‘The reputed death of 
Lucretius, which forms the basis of Mr. Tennyson's noble 
‘poem, is in strict accordance with his philosophy, which 
‘was severe and pure. 
Still carlior than these three philosophora, and during 
the centurics between the first of them and the last, the 
buman intellect was active in other fields than thoirs. 
Pythagoras bad founded a school of mathematics, and 
mate his experiments on the harmonic intervals. ‘The 
Sophists had run through their career. Ab Athens had 
appeared Socrates, Plato, and Aristotle, who ruined the 
Sophiasta, and whose yoke remains to some extent unbroken 
to tho present hour, Within this period also the School 
of Alexandria waa founded, Euclid wrote his § Elemente’ 
and made some advance in optics, Archimedes had pro- 
peut the theory of the lever, and the principles of 
Astronomy was immensely enriched by the 
i ne Hipparchus, who was followed by tho hie 
torically more celebrated Ptolemy. Anatomy had been 
made the basis of scientific medicine; and it is «aid by 
Draper" that vivisection had begun, In fact, the ecience 
of ancient Greece had already cleared the world of the 
fantastic images of divinities operating capriciously 
‘through natural phenomena. It had shaken itself free 
from that fruitless serutiny ‘by the internal light of the 
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existence of inhabitants at the other side, “because no 


sumption of a world of buman beings out of the reach of 
‘the means of falvation? Thus reined in, Science was 
‘not likely to make mueh progress. Later on, the political 
and theological strife between the Church and civil 
governments, so powerfully depicted by Draper, must 
“have done much to stifle investigation. 
Whewell makes many wise and brave remarks re- 
garding the spirit of the Middle Ages, Tt was a menial 
spirit. The seekers after natural knowledge had forsaken 
‘that fountain of living waters, the direct appeal to nature 
by observation and experiment, and given themeclves 
up to the remanipulation of the notions of their predeces~ 
fore. It was atime when thought bad become abject, and 
when the acceptance of mere authority led, as it always 
does in science, to intellectual death. Natural events, 
instead of being traced to physical, were referred to 
moral, causes; while an exercise’ of the phantasy, almost 
as degrading as the spiritualism of the present day, took 
the place of scientific speculation. Then came the mysti- 
cism of the Middle Ages, Magic, Alchemy, the Neo-~ 
platonic philocophy, with its visionary though sublime 
nbstractions, which eaused men to look with shame upon 
their own bodios, as hindrances to the absorption of the 
creature in the blessedness of the Creator, Finally came 
the Scholastic philosophy, a fusion, according to Lange, 
‘of the least matore notions of Aristotle with the Christi- 
anity of the west. Intellectual immobility was the result, 
As o traveller without a compass in a fog may wander 
long, imagining ho is making way, and find himself after 
hount of toil st his starting-point, 80 the echoolmen, 
having tied and untied the same knots, and formed and 
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dissipated the same clouds,’ found themselves at: the ond 
of centuries in their old position, = 

With reganl to the influence wielded by Aristetloin 
the Middle Ages, and which, to a less extent, he still 
wields, [ would ask permission to make one remark. 
When the human mind has achieved greatness and given 
evidence of extraordinary power in one domain, there isa 
tendency to credit it with eimilar power in all other 
domains, Thue theologians have found comfort and am 
surapee in the thought that Newton dealt with the ques 
tion of revelation—forgetful of the fact, that the very 
devotion of his powers, through all the best years of bis 
life, to a totally different class of ideas, not to speak of 
any natural disqualification, tended to render him less, 
instead of more, competent to deal with theological and 
historic quostions. Goethe, starting from his established 
greatness as a post, and indeed from his positive dis- 


his ¢ Farbenlehre,’ in which he endearoured gees 
Newton's theory of colours, This theory he deemed so 

obviously absurd, that he considered its author a charlatan, 
and attacked him with a corresponding vehemence’of 
language. In the domain of natural history Goethe had 
mado really considerable diseoveries; and wo have high 
authority for assuming that, bad be devoted himself 
wholly to that side of science, he might have reached, in 
it, an eminence comparable with that he attained asa 
poet. In sharpness of observation, in the detection of 
analogies apparently remote, in the classification and 
organisation of facts according to the analogics discerned, 
Goethe possessed extraordinary powers, These elements 
of scientific enquiry fall in with the disciplines of the 
pout. But, on the other hand, a mind thus richly. en= 
dowed in the direction of natural history, may be almost 





_ Bhorn of endowment as regards the more strictly called 
physical and mechanical sciences. Goethe was in this 
condition. He could not formulate distinet mechanical 
‘ ions; he could not see the forer of mechanical 

reasoning; and, in regions where such reasoning reigns 
supreme, he became a mere ignia fatwus to thore who 
followed him. 

I have sometimes permitted myself to compare 
Aristotle with Goctho—to credit the Stagirite with an 
almost euperhuman power of amassing and systematising 
facts, but to consider him fatally defective on that side of 
‘tho mind, in respect to which incompleteness has been just 
ascribed to Goethe. Whewell refers the errors of Aristotle 
not toa neglect of facts; but to *a neglest of the idea 
appropriate to the facts; the idea of Mechanical cause, 
whick is Force, and the substitution of vague or inap- 
plicable notions, involving only relations of space or 
emotions of wonder.’ This is doubtless trac; but the’ 
‘word ‘neglect’ implies mere intellectual misdirection, 
whereas in Aristotle, as in Goethe, it was not, I beliove, 
misdirection, but sheer natural incapacity which Iny at 
the root of his mistakes. As a physicist, Aristotle dis 
played what we should consider some of the worst at- 
tributes of a modern physical investigator—indistinetness 
of ideas, confusion of mind, and a confident use of 
Jangunge which led to the delusive notion that he bud 
teally mastered his subject, while he hnd, as yets failed to 
grasp even the vlements of it, He put words in the 
place of things, subject in the place of object. He preached 
Tndhetion without practising it, inverting the true order 
of enquiry, by passing ftom the general to the particular, 
instead of from the particular to the general, He made 
of the universe a closed sphere, in the centre of which he 
fixed the earth, proving from general principles, to his 
own satisfaction and to that of the world for near 2,000 
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to this capacity of mental presentation, the case of the 
Aristotelian, who refers the ascent of water in a pump to 
| Nature's abhorrence of a vacuum, with that of Pascal 
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‘ho propowil to wolve the question of atmeepheric 










‘was active. With the intrusion of the Moors into Spain, 
order, learning, and refinement took the place of their 
Opposites. When smitten with disease, the Christian 
resorted to a shrine, the Moorish one to an in= 
physician, The Arabs encouraged translations 
from the Greek philosophers, but not from the Greek 
poets, ‘They turned in disgust ‘from the lewdness of our 
Glassical mythology, and denounced as an unpardonable 
3 all connection between the impure Olympian 
Jove and the Most High God’ Drapor traces still farther 
than Whewell the Arab elements in our sciontifie terma, 
and points out that the under garment of ladies retains 
to this hour its Arab name, He gives examples of what 
Arabian men of yeience accomplished, dwelling particu. 
Iurly on Alhazen, who was the first to correct the Platonic 
notion that rays of light areemitted by the eye. Alhazen 
discovered atmospheric refmction, and showed thab we see 
the sun und the moon after they have set. He explained 
the enlargement of the sun and moon, and the shortening 
of the vertical diameters of both thee bodics when near 
the horizon. He was aware that the atmosphere decreases 
in density with inereaso of elevation, and actually fixed 
its height at 58} miles. In the ‘Book of the Balance 
Wisdom,’ he sets forth the connection between the weight 
of the atmosphere and its increasing density. He shows 
that a body will weigh differently in a rare and dense 
atmosphere, and he considers the force with which plunged i 



























gravity as a fores, though he fell into the error of 
making it diminish simply as the distance, and of 
making it purely terrestrial. He knew the relation 
between the velocities, spaces, and times of falling bodies, 
and bad distinct ideas of capillary attraction. He improved 
the hydrometer. The determinations of the densities of 
bodies, as given by Alhazen, approach very closely to our 
own. *1 join,' says Draper, in the pious prayer of Alhazen, 
“that in the day of judgment the All-Merciful will take 
pity on the soul of Abur-Raihin, because he was the first 
of the ree of men to construct a table of specific gravi- 
tice’ If all this be bistoric truth (and I have entiro 


systematic 
contrived to pat out of sight our scientific obligations to 
the Mahommedans’? 

‘The strain upon the mind during the stationary period 
towards ultra-terrestrial things, to the neglect. of problems 
close at band, was sure to provoke reaction. But the re~ 
action was gradual; for the ground was dangerous, and a 
power at hand competent to crush the critic who wont too 
far, To elude this power, and still allow opportunity for 
the expression of opinion, the doctrine of * twofold truth? 
was invented, according to which an opinion might beheld 
* theologically,’ and the opposite opinion ‘ philosophically.’? 
‘Thus, in the thirteenth century, the creation of the world 
in six days, and tho unchangeablenoss of the individual 
soul, which had been go distinctly affirmed by St. Thomas 
Aquinas, were both denied philosophically, but admitted 
to be true as articles of the Catholic faith. When Prota- 

4 ‘Tatelleeemal of Buropa,” p. 359. 
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uttered the maxim which brought upon him so much 





“great, that what was subjectively true to the one might 
‘be subjectively untrue to the other. The great Sophist 
_ never meant to play fast and loose with the truth by saying 
_ that one of two opposite assertions, made by the sume 
individual, could possibly eseape being a lie. It was not 
‘sophistry, but the dread of theologic vengeance, that 
generated this double dealing with conviction; and it is 
astonishing to notice what lengths were possible to men 
who were adroit in the use of artifices of this kind. 
‘Towards the close of the stationary poriod a word-weari- 
ness, if I may eo exprese it, took more and more possession of 
men’s minds. Christendom had become sick of the School 
Philosophy and its verbal wastes, which led tono issue, but 
left. the intellect in everlasting haze. Here and there was 
heard the voice of one impatiently crying in the wilderness, 
*Not unto Aristotle, not unto subtle hypothesis, not unto 
church, Bible, or blind tradition, must we turn for aknow- 
ledge of the universe, but to the direct investigation of 
nature by observation and experiment,’ In 1543 the epoch- 
making work of Copornicus on the paths of the heavenly 
bodies appeared. The total crash of Aristotle's closed uni- 
verse, with the earth at its centre, followed as a conse- 
quence; and ‘the earth moves” became a kind of watehword 
among intellectual freemen. Copernicus was Canon of the 
cborch of Frauenburg in the diocese of Ermeland. For 
three-and-thirty years he had withdrawn himeelf from the 
world, and devoted himself to the consolidation of his great 
echeme of tho solar system. He made ita blocks eternal; 
and even to those who feared it, and desired ite overthrow, 
it was so obviously strong, that they refrained for a time 
from meddling with it. In the last year of the life of 
Copernicus his book appeared : it is said that the old man 
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departed im peace 
Giordano Branp, was one of the 


by satellites, which bear the same relation 
carth does to our sun, or our moon toour earth. ‘This was 
an expansion of transcendent import; but Bruno came sloser 
than this to our prosent line of thought. Struck with the 
problem of the generation and maintenance of organisms, 
and duly pondering it, he came to the conelusion that 
Nature, in her productions, does not imitate the technie of 
man, Her process is one of unravelling and unfolding. 
The infinity of forms under which matter appears was not 
imposed upon it by an external artificer; by its own intrin= 
sic force and virtue it brings these forme forth, Matter is 
not the mere naked, empty capacity which philosopher 
have pictured her to be, but the universal mother, who 
brings forth all things as the fruit of her own womb. 
‘This outspoken man was originally a Dominican monk. 
‘He was accused of heresy and had to ily, seeking refuge in 
Geneva, Paris, England, and Germany. In 1592 be fell 
into. the hands of the Inquisition at Venice, He was im 
prisoned for many yeare, tried, degraded, exeomimunicated, 
and handed over to the Civil power, with the request that 
he should be treated gently, and ‘without the shedding 
of blood.’ This meant that he was to be burnt; and 
burnt accordingly he was, on February 16, 1600. To 
cwape a similar fate Galileo, thirty-three years afterwards, 
abjured upon his knees, with bis hands upon the holy 
ospels, the heliocentric doctrine, which he knew tobe trues 
After Galileo came Kepler, who from his German bomo 
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defied the ultramontane power. He traced out from 
pre-existing observations the laws of planetary motion. 
Materials were thus prepared for Newton, who bound those 
empirical laws together by the principle of gravitation. 
In the seventeenth century Bacon and Descartes, the 
restorers of philosophy, appeared in succession. Differently 
educated and endowed, their philosophic tendencies were 
different. Bacon held fast to Induction, believing firmly in 
the existence of an external world, and making collected 
experiences the basis of all knowledge. The mathematical 
studies of Descartes gave him a bias towards Deduction ; 
and his fundamental principle was much the sume as that 
of Protagoras, who made the individual man the measure 
of all things. ‘I think, therefore I am,’ said Descartes. 
Only his own identity was sure to him; and the full deve- 
lopment of this system would have led to an idealism, in 
which the outer world would be resolved into a mere phe- 
nomenon of consciousness. Guassendi, one of Descartes’s 
contemporaries, of whom we shall hear more presently, 
quickly pointed out that the fact of personal existence 
would be proved as well by reference te any other act, as 
to the act of thinking. I eat, therefore I am; or I love, 
therefore I am, would be quite as conclusive. Lichten- 
berg, indeed, showed that the very thing to be proved was 
inevitably postulated on the first two words, ‘I think ;’ and 
it is plain that no inference from the postulate could, 
by any possibility, be stronger than the postulate itself. 
But Descartes deviated strangely from the idealism 
implied in his fundamental principle. He was the first 
to reduce, in a manner eminently capable of bearing the 
test of mental presentation, vital phenomena to purely 
mechanical principles. Through fear or love, Descartes 
was 8 good churchman; he accordingly rejected the notion 
of an atom, because it was absurd to suppose that God, 
if He so pleased, could not divide an atom; be puts in the 








Having formally acknowledged God asthe great first cause, 
he itnmediately dropped the idea, applied the known laws 
of mechanies to the atoms, and deduced from them all 
vital phenomena. He defended Epicurus, and dwelt upon 
his purity, both of doctrine and of life. True be was 
a heathen, but so was Aristotle. Epicurus assmiled super- 
stition and religion, and rightly, because he did not know 
the true religion. He thought that the gods neither re 
warded nor punished, and he adored them purely in conso= 
quence of their completeness : here we see, says Gassendi, 
the reverence of the ehild, instead of the fear of the slave, 
‘The errors of Epicurus shall be corrected, and the body of 
his truth retained. Gassendi then proceeds, as any heathen 
might do, to build up the world, and all that thorein is, of 
stoma and molecules. God, who created carth and water, 
plants and animals, produced in the first place a definite 
number of atoms, whieh constituted the sed of all things. 
Then began that sories of combinations and desompo- 
sitions which now goes on, and whieh will continue in 
future. The principle of every change resides in matter. 
Tn artificial productions the moving principle is different 
from the material worked upon; but in nature the agent 
works within, being the most active and mobile part of 
the material iteclf. Thus this bold ecclesiastic, without 
incurring the consure of the church or the world, contrives 
to outatrip Mr. Darwin. The same cast of mind which 
caused him to detach the Crentor from his universe, led 
him also to detach the soul from the body, though to the 
body he aseribes an influence so large ax to render the 
soul almost unnecessary. ‘The aberrations of reason were, 
in his view, au affair of the material brain. Mental discass 
is bratin-disense ; but then the immortal roason sits apart, 
and cannot be touched by the diseass, The errors of 
madness are those of the instrument, not of the performer. 

Tt may be more thana mere result of education, connect~ 





two men, that the idea of Gassendi, above enunciated, is 
substantially the same as that expressed by Professor Clerk 
Maxwell, at the close of the very able lecture delivorod by 
him at Bradford last year. According to beth philoso- 
phers, the atoms, if I understand aright, are prepared 
materials, which, formed once for all by the Eternal, pro- 
duce by their subsequent interaction all the phenomena of 
the material world. There seems to be this difference, how- 
ever, between Gassendi and Maxwell. “The one postulates, 
the other infers his firct cause. In his ‘manufactured 
articles, as he calls the atoms, Professor Maxwell finds 
the basis of an induction, which enables him to scale 
philosophic heights considered inaccessible by Kant, and 
to take the logical step from the atoms to their Maker. 

Accepting here the leadership of Kant, I doubt the 
legitimacy of Maxwell's logic ; but it is impossible not to 
feel the ethic glow with whieh his lecture concludes. 
‘There is, moreover, a very noble strain of eloquence in his 
description of the steadfastness of the atoms: ‘Natural | 
causes, a8 we know, are at work, which tend to modify, if 
they do not at length destroy, all the arrangements and 
dimensions of the earth and the whole golar system. But 
though in the course of ages catastrophes have occurred 
and may yet oceur in the heavens, though ancient 
may be disolved and new systems evolved out of their 
ruins, the molecules out of which these systems are built— 
the foundation stones of the material universe—remain 
unbroken and unworn. 

The atomic doctrine, in whole or in part, was enter= 
tained by Bacon, Descartes, Hobbes, Locke, Newton, Boyle, 
and their successors, until the chemical law of multiple 
proportions enabled Dalton to confer upon it an entirely 
new significance, In our day there are eccessions from 
the theory, but it still stands firm, Loechmidt, Stoney, 
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and Sir William Thomson have sought to determine the 
sizes of the atoms, or rather to fix the limits between 
which their sizes lie; while only last year the discourses 
of Williamson and Maxwell illnstrate the present bold of 
the doctrine upon the foremost scientific minds. In fact, 
it may be doubted whether, wanting this fandamental con- 
ception, » theory of the material universe is capable of 
scientific statement. 

Ninety years subsequent to Gamendi the doctrine of 
bodily instruments, as it may be called, assumed immense 
importance in the hands of Bishop Butler, who, in his 
famous ‘ Analogy of Religion, developed, from bis own 
point of view, and with consummate sagacity, a similar 
idea. The Bishop still influences superior minds; and it 
will repay us to dwell for a moment on his views. He 
draws the sharpest distinction between our real selves 
and our bodily instruments. He does not, as far as I re- 
member, use the word soul, possibly because the term was 
s0 hackneyed in his day, as it had been for many genera- 
tions previously. But he speaks of ‘living powers, 
‘perceiving or percipient powers,’ ‘moving agents, 
‘ourselves,’ in the same sense as we should employ the 
term soul. He dwells upon the fact that limbs may be 
removed and mortal diseases assail the body, the mind, 
almost up to the moment of death, remaining clear. He 
refers to sleep and to swoon, where the ‘living powers’ 
are suspended but not destroyed. He considers it quite 
as easy to conceive of existence out of our bodies as in 
them; that we may animate a succession of bodies, the 
dissolution of all of them having no more tendency to 
dissolve our real selves, or ‘deprive us of living faculties 
—the faculties of perception and action—than the die- 
solution of any foreign matter which we are capable of 
receiving impressions from, or making use of for the 
common occasions of life.’ This is the key of the Bishop's 





than the glass; 
4g quite as much tho instrament of the trne self, and also 
as foreign to the true self, as the glass is. ‘And if wo 
soo with our eyes only in the sme manner as we do with 
glass, the like may justly be ‘conetoded frosa analogy of 


all our senses.’ at. 

Lucretius, as you are ovate, cited a acne 
site conclusion: and it certainly would be interesting, if not 
profitable, to us all, to hear what he would or could urge 
in opposition to the reasoning of the Bishop. Asa brief 
discussion of the point will enable us to see the bearings 
of an important question, I will here permits disciple of 
Lucretius to try the strength of the Bishop's position, and 
then allow the Bishop to retaliate, with the view of rolling: 
back, if he can, the difficulty upon Lucretius. — 

‘The argument might proceed in this fashion >— 

‘Subjected to the test of mental presentation (Vor- 
stellung), your views, most honoured prelate, would prosent 
to many minds a great, if not an insuperable, difficulty. 
You speak of “living powers,” “percipient or perceiving 
powers,” and “ourselves;” but ean you form a mental 
picture of any of these, apart from the organism through 
which it is supposed to act? ‘Test, yourself honestly, and 
ace whether you possess any faculty that would enable you: 
toform such a conception. ‘The true self has « local habit~ 
ation in each of us; thus localised, must it not posost a 
form? If so, what form? Have you ever for 2 moment 
realised it? When a leg is amputated the body is divided 
into two parts; is the true self in both of them or in one? 
Thomas Aquinas might say in both; bul not you, for you 
appeal to the consciousness nesociated with one of the two 
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parts, to prove that the other is foreign matter. Is con- 
‘sciousness, then, a necessary element of the true self? If 
‘80, what do you gay to the case of the whole body being 
deprived of consciousness ? If not, then on what grounds 
do you deny any portion of the true self to the severed 
limb? It seems very singular that, from the beginning 
to the end of your admirable book (and no one admires 
its sober strength more than T do), you never once mention 
the brain or nervous system. You begin at one end of 
the body, and show that its parts may be removed without 
prejudice to the pereciving power, What if you begin at 
the other end, and remove, instead of the leg, the brain ? 
‘The body, as before, ix divided into two parts ; but both 
are now in the same predicament, and neither can be ap- 
pealed to to prove that the other is foreign matter. Or, 
instead of going so fur as to remove the brain itself, let a 
certain portion of its bony covering be removed, and let a 
rhythmic series of pressures and relaxations of pressure 
be applied to the soft substance. At every pressure “ the 
fncultics of perception and of action" vanish ; at every ro- 
luxation of pressure they are restored, Where, during the 
intervals of prosure, is the perceiving power? I once 
had the discharge of a large Leyden battery pasted un~ 
expectedly through me: I felt nothing, but was simply 
blotted ont of conscious existence for a sensible interval. 
‘Where was my true self during that interval? Men who 
have reeovered from lightuingstroke have been much 
longer in the same state; and indeed in cases of ordinary 
concussion of the brain, days may elapse daring which no 
experience is registered in conzciousness. Where is the 
man himself during the period of insonsibility? You 
amy say that I beg the question when I assume the man 
to have been unconscious, that he was really conseious all 
the time, and has simply forgotten what, had occurred to 
him. In reply to this, I can only say that no one need 
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shrink from the worst lepeeetrtne te po 
vented, if only so felt and eo remembered. 


part between the pereciving power and external things 
Cut the wires of the operator, break his battery, demag- 
netize his needle; by this means you certainly sever bis 
connection with the world; but, inasmuch as these are real 
instruments, their destruction does not touch the man 
who uses them. The operator survives, and he knows 
that he eurvives. What is it, I would ask, in the human 
system that answers to this conscious survival of the 
operator when the battery of the brain is 20 disturbed as to 
produce insonsibility, or when ib is deatroyed altogether? 

* Another consideration, whieh you may consider slight, 
presses upon me with some force. The brain may change 
from health to disease, and through such a change the 
most exemplary man may be converted into a debauchoe 
ora murderer. My very noble and approved good master 
had, a you know, threatenings of lewdness introduced into 
his brain by his jealous wife's philter; and sooner than. 
permit himself to run even the risk of yielding to these 
base promptings he slew himself. How could the hand of 
Lucretius have been thus turned against himself if the 
real Lucretius remained as before? Can the brain or can 
it not act in this distempered way without the intervention 
of the immortal reason? If it can, then it is a prime 
mover which requires only healthy regulation to render it 
reasonably self-acting, and there is no apparent neod of 
your immortal reason at all. If it cannot, then the im- 
mortal reason, by its mischievous activity im operating upom 
# broken instrument, must have the credit of 
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will allow me to say so, that the gravest consequences are 
‘likely to flow from your estimate of the body. To regard 
the brain as you would a staff or an eyoglass—to shut your 
eyes to allite mystery, to the perfect correlation of its eon- 
_ dition and our consciousness, to the fact that a slight excess 
‘or defect of blood in it produces the very swoon to which 
you refer, and that in relation to it our meat, and drink, and 
air, and exercise, havea perfectly transcendental value and 
significance—to forget all this does, I think, open a way 
to innumerable errors in our babite of life, and may possibly, 
in some cases, initiate and foster that very disease, and con- 
sequent mental ruin, which a wiser appreciation of this 
mysterious organ would have avoided.’ 
T can imagine the Bishop thoughtful after hearing this 
it. He was not the man to allow anger to mingle 
with the consideration of a point of this kind, After due 
refleotion, and having strengthened himself by that hanest 
contemplation of the fncts which was habitual with him, 
and which includes the desire to give even adverse facta 
their due weight, I can suppose the Bishop to proceed thus: 
* You will remembor that in the * Analogy of Religion,” of 
which you have go kindly spoken, I did not profess to prove 
anything absolutely, and that I over and over again ac 
knowledged and insisted oo the smallness of our knowledge, 
or rather the depth of our ignorance, as regards the whole 
system of the universe. My object wns to show my deistical 
friends, who set forth so cloquently the beauty and bene- 
fieence of Nature and the Ruler thereof, while they had 
nothing but scorn for the so-called absurdities of the 
Christian scheme, that they wore in no better condition 
then we were, and that, for every difficulty found upon our 
side, quite as great a difficulty was to be found upon theirs. 
I will now with your permission adopt a similar line of 
argument. You are a Lueretian, and from the combina- 
tion and separation of insensate atoms deduce all terrestrial 
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things, including organic forms’ | 
Tot ll you bin hn ste eA 
to go with yous Dedmit that you 
forms out of this play of molecularforce ; that the diamond, 
and snow-star are truly wonderful structures 
which are thus produced. I will go farther and acknow- 
ledge that even a tree or flower might in this way be ore 
ganised. Nay, if you can show me an animal withoat 
sensation, I will concede to you that it aleo might be pub 
together by the suitable play of molecular foree, 
“Thus far our way is clear, but now comes my difficulty. 
Your atoms areindividually without eeneation, much more 
are they without intelligence. May I ask you, then, to 
try your hand upon this problem. ‘Take your dead hydro~ 
gen atoms, your dead oxygen atoms, your dead curbow 
atoms, your dead nitrogen atoms, your dead phosphorus 
atoms, and all the other atoms, dead as grains of shot, of 
which the brain is formed. Thnagine them separate and 
sensationlecs ; observe them running together and forming: 
allimaginable combinations. ‘This, asa purely mechanical 
process, is seeable by the mind. Butcan you see, ar dream, 
or in any way imagine, how out of thatmechanieal act, ane 
from these individually dead atorns, sensation, thought, and 
emotion are to rise? Are you likely to extract Homer out 
of the rattling of dice, or the Differential Caleulas ont of 
the clash of billinrd-balls? I am not all bereft of this 
Vorstellunge-Kraft of which you speak, nor am I, like 60 
miny of my brethren, a mere vacuum as regarde ecientific 
knowledge. Tean follow a particle of musk untilit reaches 
the olfactory nerve; I can follow the waves of sound until 
their tremors reach the water of the labyrinth, and set the 
otoliths and Corti's fibres in motion; I can also visualise 
the waves of ncther as they cross the eye and bit the retina. 
Nay more, I'am able to pursue to the contral organ the 
motion thus imparted at the periphery, and to gee in idea 
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very molecules of the brain thrown into tremors, My 


may sy, or think, that this issue of consciousness from 
the clash of atoms is not more incongruous than the flash 
of light from the union of oxygen and hydrogen. But I 
beg to say that it is, For such incongruity as the fash 
‘possoeses is that which I now force upon your attention, 
‘The “flash” is an affair of consciousness, the objective coun- 
terpart of which ia a vibration. It is a flash only by your 
interpretation. You are the cause of the apparent incon- 
gruity ; and you are the thing that puzzles me. I need 
‘not remind you that; the great Leilmita felt the difficulty 
which I feel; and that to get rid of this monstrous deduce 
tion of life from death he displaced your atoms by his 
monads, which were more or less perfect mirrors of the 
universe, and out of the summation and integration of 
which he supposed all the phenomena of life—sentiont, in- 
tellectual, and emotionsl—to arise. 

* Your difficulty, then, as I see you aro ready to admit, 
is quite as great as mine, You cannot satisfy the human 
understanding in its demand for logical continuity between 
molecular processes and the phenomena of consciousness. 
‘This is a rock on which Materialism must inevitably split 
whenever it pretends to be a complete philosophy of life. 
What is the moral, my Lucretian? You and I are not 
likely to indulge in ill-temper in the discussion of these 
great topics, whare we see 0 much room for honest diffor- 
ences ofopinion. But there are people of less wit or more 
bigotry (I say it with humility), on both sides, who are ever 
ready to mingle angor and vituperation with such discus 
sions. There are, for example, writers of note and influence 
ut the present day, who are not ashamed publicly to assume 
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Lie “deep personal sin” of a great logician to: be the canse 





of bis unbelief in a theologic dogma! 
who bold that we, who cherish our noble Bible, wrought 
aa it bas boon into the constitution of our forefathers, and 
by inheritance into us, must necossarily be | 

insincere. Let us disayow and discountenance stich) 
cherishing the unswerving faith that what is good and trae 
in both our arguments will be preserved for the benefit of 
humanity, while all that is bad or false will disappear,” 

I hold the Bishop's reasoning to bo unanswerable, and 
his liberality to be worthy of imitation, 

‘It is worth remarking that in one respect the Bishop 
was a product of his age. Long previous to his day the 
nature of the vou had been so favouriteand general a topic 
of discussion, that, when the students of the Italian Uni- 
versities wished to know the leanings of a new Professor, 
they at ance requested him to lecture upon the soul. 
About tho time of Bishop Butler the question was not only 
agitated but extended. It was seen by the clear-witted 
men who entered this arena, that many of their best argu- 
ments applied equally to brutes and men. The Bishop’ 
arguments were of this chanieter. He sew it, admitted it, 
took the consequence, and boldly embraced the whole 
animal world in his scheme of immortality. ~ 


Bishop Butler accepted with unwavering trust the chro 
nology of the Old Testament, describing it as *confirmed 
ly the natural and civil histary of the world, collected 
from common historians, from the state of the earth, and 
from the late inventions of arts and sciences’ ‘These 

* This is the aspoct undor which tho Blitor of the ‘Dublin Rerlew* 
prosente to hin readers the memory of John Stuart Mill, Tean only say, 
that 1 would ns sou take my chance in the other world, in the company of 
tay eabalonps os Sass cf Mic Lels Agee, ae! 
fn ecomple of 8 wiclesome and Figorous naturo, urd me 
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words mark progress; and they must. seem somewhat hoary 
to the Bishop's successors of to-day. It is hardly neces 
sary to inform you that since his time the demain of the 
naturalist has been immensely extended—the whole seience 
of geology, with its astounding revelations regarding the 
lifo of the ancient earth, having been created, The 
nigidity of old conceptions has been relaxed, the public 
mind being rendored gradually tolerant of the idea that 
not for six thousand, nor for sixty thousand, nor for six 
thousand thousind, but for mons embmeing untold mile 
lions of years, this earth has heen the theatre of life 
and death. The riddle of the rocks has been read by the 
geologist and palmontologist, from sub-cambrinn depths 
to the deposits thickening over the sea-bottoms of to-day. 
And upon the loaves of that stone book are, as you know, 
stamped the characters, plainer and surer than those formed 
by the ink of history, which carry the mind back into 
abysses of past time, compared with which the periods whieh 
satisfied Bishop Butler cease to have a visual angle. 

‘The lode of discovery once struck, those petrified forms 
fm whieh life was at one time active, increased to multi- 
tudes nnd demanded classification. ‘They wore grouped in 
genera, species, and varieties, according to the degree of 

subsisting between them. Thus confusion was 

avoided, ouch object being found in the pigeon-hale appro- 
priated to it and to ite fellows of similar morphological or 
character. ‘The general fact soon became 
evident that none but the simplest forms of life Ne lowest 
-down; that, as we climb higher among the superimposed 
strata, more porfect forms appear. The chango, however, 
from form to form waz not continuous, but by steps—some 
small,some grent. ¢ A section,’ says Mr. Huxley, ‘a hun- 
red feet thick will oxhibitat different heights a dozen 
kpécies of Ammonite, none of which passes beyond its par= 
ticular zone of limestone, or clay, into the zone below it, 
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tifie mind never could have swerved from the search for 
a law of growth, or allowed itself to accept the anthropo- 
morphism which regarded each successive stratum (as a 
kind of mechanic's bench for the manufactur: of new speeies 
out of all relation to the old. 

Biased, however, by their previous education, the grest 
majority of naturalists invoked a special creative act to 
account for the appearance of cach new group of organisms. 
Doubtless numbers of them wore clear-headed enough 
to see that this waz no explanation at all—that in point 
of fhet it was an attempt, by the introduction of a greater 
difficulty, to account for a less. But, having nothing to 
offer in the way of explanation, they for the most part 
held their peace. Still the thoughts of reflecting men 


naturally and necessarily simmered round the question, + 


De Maillet, a contemporary of Newton, has been brought 
into notice by Professor Huxley ss one who *had a notion 
of the modifiability of living forms.’ In my frequent con 
versations with the late Sir Benjamin Brodie, a man of 
highly philosophic mind, he often drew my-attention to the 
fact that, as early as 1794, Charles Darwin's 

was the pioncer of Charles Darwin. In 1801, and in subse~ 
quent years, the celebrated Lamarck, who, through the 
vigorous exposition of his views by the author of the* Vos 
Liges of Creation,’ rendered the public mind perfectly fami- 
liar with the idea of evolution, endeavoured to show thede 
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selopment of species out of changes of habit and external 
eondition. In 1813 Dr. Wells, the founder of our present 
theory of Dew, read before the Royal Society a paper in 
which, to use the words of Mr. Darwin, ‘he distinctly 
recognises the principle of natural selection ; and this is 
the first recognition that bas been indicated” The 
thoroughness and skill with which Wells pursued his work, 
andthe obvious independence of his character, rondered him 
long ago a favourite with me ; and it gave me the livelicst 
pleasure to alight upon this additional testimony to hie 

Professor Grant, Mr. Patrick Matthew, 
Yon Buch, the author of the *Vestiges,’ D’Halloy, and 
others,’ by the enunciation of opinions more or less clear 
and correct, showed that the question had been fer= 
menting long prior to the year 1868, when Mr, Darwin 
and Mr. Wallace simultancously, but independently, 
placed their closely concurront views before the Linnean 
Society. 

Those papers were followed in 1859 by the publication 
of the first edition of the ‘Origin of Species.’ All grent 
things come slowly to the birth. Copernicus, as I in 
formed you, pondered his great work for thirty-three 
years. Newton for nearly twenty years kept the iden of 

. Gravitation before his mind; for twenty years also he 
dwelt upon his discovery of Fluxions, and doubtless 
would have continued to make it the object of his 
private thought, had he not found Leibnitz upon his 
track. Darwin for two-and-twenty years pondered the 
problem of the origin of species, and doubtless he would 
have continued to do so had he not found Wallace upon 
his track? A concentrated, but full and powerful, epitome 

* To 1856 Me. Herbert Sponsor (* Principlos of Peyshology. Snd odie, 
‘pol, & pe 465) exprensed * the Lolief that life under all its forms his axison 
‘by am unbroken ovolution, and through the instromentality of whet aro 
vealed natural enuses’ Thix wax my belief also nt that time. 

* Tho tehavioar of Mr. Wallace in relation to this subject has been 
dignified in tho High degree. 


T dosech ony this mesely to diociodih Shama Aisa 
days rome really eminent scientific men, entirdy 


expounder, snd it found ia 
nothing more admirable in the way of scientific pepe 
than those carly articles of his onthe origin of 

He swept the curve of discussion through the really sig- 
nificant points of the subject, enriched his exposition with 
profound original remarks and reflections, often summing: 
up in a single pithy sentence an argument which @ leas 
compact mind would have spread over pages. But there 
is one impression made by the book itself which no expo- 
sition of it, however luminous, can convey; and that is 
the impression of the vast amount of labour, both of ob- 
mavation andicf' thoughts Sapisld Saisises eae Let 
us glance st its principles, 

It is conceded on all bands shat -whab rere ventla’ 





naturalist could tell how far this variation could be carried; 
bat the great mass of them held that never, by any amount 
of internal or external change, nor by the mixture of both, 
could the offspring of the same progenitor so far deviate 
from cach other as to constitute different species. The 
function of the experimental philosopher is to combine 
‘the conditions of Nature and to produce ber results; and 
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heerved overy breed that he could obtain. Though de- 
d froma common stock, the diversitics of these pigeons 
such that ‘a score of them might be chosen which, 
to an ornithologist, and he were told that they 
wild birds, would certainly be ranked by him ax well- 
d species.’ The simple principle which guides the 
fancier, as it does the cattle-breeder, is the se- 
of some variety that strikes his fancy, and the pro- 








broods, and thus adds increment to increment until an 
astonishing amotnt of divergence from the parent type ix 
effected. The breeder in this case does not produce the 
elements of the variation. He simply observes them,and by 
selection adds them together until the required result has 
becn obtained. ‘No mon,’ says Mr. Darwin, ‘would ever 
try to make a fantail till he saw a pigeon with a tail de- 
voloped in some slight degree in an unusual manner, or a 
pouter until he saw a pigeon with a crop of unusual size.’ 
‘Thus nature gives the hint, man acta upon it, and by the 
Taw of inheritance exaggerates the deviation. 

Having thus satisfied himself by indubitable facts that 
the organisation of an animal or ofa plant (for precively 
the same treatment applics to plants) is to some extent 
plastic, he passes from variation under domestication to 
variation under nature. Hitherto we have dealt with the 
adding together of small changes by the conscious selection 

‘The first stop only towards oxporimontal demonstration hae been 
taken, Experiments now bogen might, a couple of conturies hans, furnish 
data cf incalculable value, whish ought to bo supplied to the science of the 
favre. 













of man, Can Nature thus select? 
is, © Assuredly she can.’ ‘The number 
duced ix far in excess of the number that can be sup- 
ported ; hence at some period ar other of their Hives 
must be a struggle for existence; and what is the in- 
fallible result? If one organism were a perfect copy of 
the other in rogard to strength, skill, and agility, external 
conditions would decide, But this is not the ease. Here 
we have the fact of variety offering itself to nature, as in | 
the former instance it offered itself to man; and thore 
varieties which are least competent to cope with sur- 
rounding conditions, will infallibly give way to those that 
are most competent. ‘To use a familiar proverb, the 
weakest comes to the wall, But the triumphant frae~ 
tion aguin breeds to over-production, transmitting the 
qualities which secured its maintenance, but transmitting 
them in different degrees, The struggle for food again 
supervenes, and those to whom the favourable quality 
has been transmitted in exeess, will triumph as before. 
It is easy to see that we have here the addition of incre 
ments favourablo to the individual, still more rigorously 
carried out than in the ease of domostication; for not 
only aro unfavourable specimens not selectad by nature, 
but they are destroyed, ‘This is what Mr. Darwin calls 
‘Natural Selection,’ which ‘acts by the a 
and accumulation of small inherited 
profitable to the preserved being.’ i aura ee 
terpenetrates and leayens tho vast store of facts that he 
and othere have collected, We cannot, without shutting 
our eyes through fear or prejudice, fail to seo that Darwin 
is here dealing, not with imaginary, but with true canses ; 
nor can we fail to discern what vast modifications may be 
produced by natural selection in periods sufficiently long. 
Each individual increment may resemble what mathe- 
maticians call a ‘differential’ (a quantity indefinitely 
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small); but definite and great changes may obviously be 
produced by the integration of these infinitesimal quantities, 
through practically infinite time. 

Tf Darwin, like Brano, rejects the notion of creative 
power acting after human fashion, it certainly is not 
because he is unacquainted with the numberless exquisite 

| adaptations, on which this notion of a supernatural Artificer 
haz been founded. His book is a repository of the most 
startling facts of this description. Take the marvellous 
observation which he cites from Dr. Crijger, where a 
bucket with an aperture, serving as a spout, is formed in 
anorchid, Bees visit the flower: in eager search of material 
for their combs they push each other into the bucket, the 
drenched ones escaping from their involuntary bath by the 
spout. Here they rub their backs against the viscid stigma 
‘of the flower und obtain glue; then against the pollen 
‘masses, which are thus stuck to the back of the bee and ear- 
ried away. *When the bee, so provided, flies to another 
flower, or to the same flower a second time, and is pushed 
| dts comrades into the bucket, and then crawls out by 
passage, the pollen-mass upon its back necessarily 
comes first into contact with the viseid stigma,’ which 
takes up the pollen; and this is how that orchid is fortil- 
ised. Or take this othor caso of the Catagetum. * Bees 
visit these flowers in order to gnaw the labellum ; in doing 
this they inevitably touch a long, tapering, sensitive 
projection. ‘This, when touched, transmits a sensation or 
‘vibration to a certain membrane, which is instantly rup- 
1, setting free a spring, by which the pollen-ronss is 
forth like an arrow in the right direction, and adheres 
¢ viscid extremity to the back of the bee.’ In this 
e fortilising pollon is spread abrond. 
t ix the mind thns stored with the choicest, materials 









rs to natural causes, They illustrate, according 
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to him, the method of nature, not the *technic” of a man- 
like Artificer. The boauty ‘of flowers ia duc to natural 
sclection. ‘Those that distinguish themeclves by vividly 
contrasting colours from the surrounding green Ieaves are 
‘most readily seon, most; frequently visited by insects, most 
often fertilised, and hence most favoured by natural selec 
tion, Coloured berries also readily attract the attention 
of birdy and beasts, which feed upon them, spread their 
manured seeds abroad, thus giving trees and shrubs 
posseasing such berries a greater chance in the struggle 
for exietence. 

With profound analytic and synthotic skill, Mr. Darwin 
investigates the cell-making instinct of the hive-beo, His 
method of dealing with itis represtntative. He fiills tack 
from the more perfectly to the less perfectly developed 
instinct—from the hive-bee to the humble bee, which 
uses ite own cocoon as a comb, and to classes of bees of 
intermediate skill, endeayouring to show how the passage 
might be gradually mado from the lowest to the highest. 
‘The saving of wax ia the most important point in the 
economy of bees. Twelve to fifteen pounds of dry sugar 
are said to be neoded for thé seeretion of a single pound 
of wax. The quantities of nectar necessary for the wax 
must therefore be vast ; and every improvement of constrne- 
tive instinct which results in the saving of wax fs a direct 
profit to the insect’s life. ‘The time that would otherwise 
‘be devoted to the making of wax, is now devoted to the 
gathering and storing of honey for winter food. Mr. Darwin 
passes from the humble bee with ite rode ells, 
the Melipona with its more artistic cells, to the hive-bee 
with its astonishing architecture. The bees place them- 
selves at equal distances apart upon the wax, sweep and 
exeayate cqual spheres round the eelocted points. The 
spheres intersect, and the plans of intersestion are built 


up with thin laminm, Hexagonal cells are thus formed. | 
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‘This mode of treating such questions is, as T have said, rw 
The expositor habitually retires from the 
‘more perfeet and consplex, to the less perfect and simple, 
and carries you with him through stages of perfecting—adds 
increment to increment of infinitesimal change, and in 
this way gradually breaks down your reluctance to admit 
that the exquisite climax of the whole could be a result of 
nataral selection, 

‘Mr. Darwin shirks no difficulty ; and, saturated as the 
subject was with his own thought, he must have known, 
better than his critics, the weakness as well as the strength 
of his theary. This of course would be of little avail were 
his object a temporary dialectic victory, instead of the 
establishment of a truth which he means to be everlaste 
ing. But he takes no pains to disguise the weakness be 
‘thas discerned; nay, he takes every pains to bring it into 
tho strongest light. His vast resources enable him to cope 
with objections started by himself and others, so aa to 
leave the final impression upon the reader's mind that, if 
they be not completely answered, they certainly are not 
fatal. Their negative force being thus destroyed, you are 
free to be influenced by the vast positive mass of evidence 
heis able to bring before you. ‘This largencss of know- 
ledge, and readinese of resource, render Mr. Darwin the 
most terrible of antagonists. Accomplished naturalists 
have levelled heavy and sustained criticisms against him— 
not always with the view of fairly weighing his theory, but 
with the expres intention of exposing its weak points 
only. This does not irritate him, He treats every ob- 
jection with a soberness and thoroughness, which even 
Bishop Butler might be proud to imitate, surrounding 
each fact with its appropriate detail, placing it in its 
proper relations, and usually giving it a significance 
which, a2 long as it was kept isolated, failed to appear. 
‘This ix done without a trace of ill-ternper. He moves 













over the subject with the passionless steength of a glacier ; 
and the grinding of the rocks is not always without a 
counterpart in the logical pulverisation of the objector. 
But though in handling thi mighty theme all pasion has 
beon stilled, there is un emotion af the intellect, incident. 
to the discernment of new truth, which often colours and 
warms the pages of Mr. Darwin. His sncoess hax been 
great; and this implies not only the solidity of his work, 
but the preparedness of the public mind for such a reveba~ 
tion. On this head o remark of Agusiz impressed me 
more than anything elsc, Sprung from a race of theok- 
sins, this celebrated man combated to the last the theory 
of nutural selection. One of the many times I bad the 
pleasure of meeting him in the United States was at Mr. 
Winthrop's beautiful residence at Brookline, near Boston. 
Rising from luncheon, we all halted as if by common 
consent in front of a window, and continued there a dis~ 
cussion which had been started at table. The maple was 
in its sutuma glory; and the exquisite beauty of the seene 
outside seemed, in my cave, to interpenetrate without dis- 
turbance the intellectual action, Earnestly, almost sadly, 
Agassiz turned, and said to the gentlemen standing round, 
*T confess that. I was not prepared to sve this theory 
received as it has been by the best intellects of our time. 
Its success is greater than I could haye thought possible.” 


Tn our day grand generalizations have been reached. 
The theory of the origin of species is but one of them. 
Another, of still wider grasp and moro radical significance, 
is the doctrine of the Conservation of Energy, the ulti- 
mate philosophical issues of which are as yet but dimly 
seen—that doctrine which ‘binds nature fast in fate’ to 
an extent not hitherto recognised, exacting from every 
antecedent its equivalent consequent, from every conse 
quent its equivalent antecedent, and bringing vital us well 
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|_ax physical phenomena under the dominion of that law of 

 eausal connection which, so far ns the human anderstand- 

ing has yet pierced, asserts itself everywhere in nature. 

Long in advance of all definite experiment upon the 

| subject, the constancy and indestructibility of matter had 
been affirmed ; and all subsequent experience justified the 
affirmation. Mayer extended the attribute of indestructi- 
bility to foree, applying it in the first instance to inorganic, 
and afterwards, with profound insight, to organic nature. 
‘The vegetuble world, though drawing almost all its nutri 
ment from invisible sources, was proved incompetent to 
generate anew either matter or force. Its matter is for 
the most part transmuted gus; its force transformed solar 
force. The animal world was proved to be equally un- 
creative, all its motive energies being referred to the 
combustion of its food. The activity of each animal, as a 
whole, was proved to be the transferred activity of ite mole~ 
cules. The muscles were shown to be stores of mechanical 
energy, potential until unlocked by the nerves, and then 
resulting in muscular contractions. ‘The speed ut which 
messages fly to and fro along the nerves was determined, 
and found to be, not as had been previously supposed, 
equal to that of light or electricity, but less than the speed 
of sound—less even than that of a flying engle. 

‘This was the work of the physicist: then came the con= 
questa of the comparative anatomist and physiologist, re 
voaling the structure of every animal, and the function of 
every organ in the whole biological series, from the lowest 
zoophyte up to man. The nervous system had been made 
the object of profound and continued study, the wonderful 
and, at bottom, entirely mysterious controlling power 
which it exercises over the whole organism, physical and 
mental, being recognised more and more. Thought 
could not be kept back from a subject, so profoundly sug= 
gestive. Besides the physical life dealt with by Mr. 
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vuch organisms to others a shade higher, from these to 
otbors a shade higher still, and on through an ever sseend- 
are two obvious factors to be here taken into account— 
the creature and the medium im which it livea,or, as itis 
often expressed, the organism and its environment.. Mr. 
Spencer’s fundamental principle is, that. between these 
two factors there is incessant interaction, The organisa 
ia played upon by the environment, and is modificd to 








to be ‘a continuous adjustment of internal relations to ex~ 
ternal relations.’ 

Tn tho lowest organisms we have a kind of tactual senso 
diffused over the entire body ; then, through impressions 
from without and their corresponding adjustments, special 
portions of the surface become more responsive to stimuli 
than others. The senses are nascent, the basis of all of them 
being that simple tactual sense which the sage Democritus 
recognised 2,800 yearsagons their common progenitor, ‘The 
action of light, in the first instance, appeara to be amere dis- + 
‘turbance of the chemical procesges in the animal organism, 
similar to that which occurs in the leaves of plants, By do- 
Grees the action becomes localised in a few pigment-cells, 
‘more sensitive to light than the surrounding tissue. The 
eye is incipient, At first it is merely capable of revealing 
differences of light and shade produced by bodies close 
at hand. Followed, os the interception of the light is, in 
almost all cases, by the contact of the closely adjacent 
opaque body, sight in this condition becomes a kind of 
“anticipatory touch” The adjustment continues; a slight 
bulging out of the epidermis over the pigment-granules 
supervenes, A lens is incipient, and, through the opera- 
tion of infinite adjustments, at length reaches the perfec 
tion that it displays in the hawk and eagle. So of the 
other senses ; they are special differentiations of a tissue 
which was originally vaguely sensitive all over. 

With the development of the senses, the adjustments 
between the organism and its environment gradually exe 
tend in space,a multiplication of experiences and a corre- 
sponding modification of conduct being the result, The 
adjustments also extend in time, covering continually 
greater intervals. Along with this extension in space and 
time the adjustments also increase in speciality and com~ 
plexity, passing through the various grades of brate life, 
and prolonging themselves into the domain of reason. 
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Very striking are Mr. Spencer's remarks 
finence of the sense of touch upon the | of 
intelligence. hl ie, oi, Cacareiene eee 
‘the sone, into which they must be translated to be of 
sorvico to the organism. Hence its importance. The 
parrot is the most intelligent of binds, and its tactual power 
is also greatest. From this sense it gets knowledge, unat- 
tainable by birds which cannot employ their fect as hands, 
The elephant is the moet eagacious of quadrupeds—its 
tactual range and skill, and the consequent multiplication 
of experiences, which it owes to its wonderfully adaptable 
trunk, being the basis of its sagacity. Feline animals, for 
a similar cause, are more sagucious than hoofed animals, 
—atonement being to some extent made in the cass of 
the horse, by the possession of sensitive prehensile lips, 
In the Primates the evolution of intellect and the evolu- 
tion of tactunl appendages go hand in hand. In the most 
intelligent anthropoid apes we find the tactual range and 
delicacy greatly augmented, new avenues of knowledge 
being thus opened to the animal. Man crowns the edifice 
here, not only in virtue of his own manipulatory power, 
but through the enormous extension of his range of exe 
perience, by the inyention of instruments of precision, 
which serve as supplemental scuses and supplemental limbs, 
‘The reciprocal action of these ia finely deseribed and illue- 
trated. That chastened intellectual emotion to whieh T 
have referred in connection with Mr. Darwin, isnot absent 
in Mr. Spencer. His illustrations possess at times ex- 
ceeding vividness and force; and from his style on such 
occasions it is to be inferred, that the in of this 
Apostle of the Understanding are sometimes the seat of a 
nascent poetic thrill, 

It is n fact of suprome importance that actions, the 
performance of which at first requires even painful effort 
and deliberation, may, by habit, be rendered automatic, 
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Witness the slow learning of its letters by a child, and 
the subsequent facility of reading in a man, when each 
group of letters which forms a word is instantly, and with- 
out offort, fused to a single percoption. Instance the 
billiard player, whose muscles of hand and eye, when he 
reaches the perfection of his art, are unconsciously comordi= 
nated. Instance the musician, who, by practice, is en- 
abled to fuse a multitude of arrangements, auditory, 
tactual, and muscular, into a process of automatic mani- 
pulation. Combining such facts with the doctrine of 
hereditary transmission, we rench a theory of Instinct. 
A chick, after coming out of the egg, balances ite:lf 
corréetly, runs about, picks up food, thus showing that it 
possesses u power of directing its movements to definite 
ends. How did tho chick learn this very complex co- 
ordination of eye, muscles, and beak? It has not been 
individually taught ; its personal experience ix wils but it 
has the benefit of ancestral experience. In its inherited 
‘organisation are registered the powers which it displays 
at birth. So also as regards the instinct of the hive-bee, 
already referred to, The distance at which the insects 
stand apart when they sweep their homisphores and build 
their cells is *organically remembered,’ Man also carries 
with him the physical texture of his ancestry, as well as 
the inherited intellect bound up with it. The defects of 
intelligence during infancy and youth are probably loss 
due to o Inck of individual experience, than to the fact 
that in early lifo the cerebral organisation is still incom- 
plete. ‘Che period necessary for completion varies with 
the race, and with the individual. As a round shot out- 
strips a rifled bolt on quitting the muzzle of the gun, so 
the lower race, in childhood, may outstrip the higher. But 
the higher eventually overtakes the lower, and surpasses 
it in range. As regards individuals, we do not always 
find the precocity of youth prolonged to mental power in 





his teachers by his power of dealing with geometrical 
problems. During his quiet youth, his brain was slowly 
esating sels to be the ane eae 
subsequently displayed. 
By. myriad! hows (to:eusn Eaestiep hana 
image and superseription of the external world: 
as states of consciousness upon the organism, the depth 
of the impression depending upon the number of the blows. 
When two or more phenomena occur in the environment 
invariably together, they are stamped to the same depth 
or to the mmo relicf, and indisolubly connected. And 
here we come to the threshold of a great question, See- 
ing that he could in no way rid himself of the conscious 
ness of Space and Time, Kant assumed them to be neces 
sary ‘forms of intuition, the moulds and shapes into 
which our intuitions are thrown, belonging to ourselves, 
and without objective existence. With unexpected power 
and success Mr. Spencer brings the hereditary experi- 
ence thoory, as he holds it, to bear upon this queation. 
“If there exist certain external relations whieh are experi- 
enced by all orgunisms at all instants of their waking 
lives—relations which are absolutely constant and uni- 
versal—there will be established answering internal 
relations, that are absolutely constant and universal. 
Sach relations we have in those of Space and ‘Dime. As 
the substratum of all other relations of the Non-Ego, they 
must be responded to by conceptions that are the sub- 
strata of all other relations in the Ego. Being the eon- 
stant and infinitely repeated elements of thought, they 
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, 
ments of thought which it is impossible to got rid of—the 
‘* forms of intuition.”” 

‘Thronghout this application and extension of Hartley's 
and Mill's ¢ Law of Inssparable Association? Mr. Spencer 
stands upon his own ground, invoking, instead ofthe experi 
ences of the individual, the registered experiences of the 
mice: His overthrow of the restriction of experience to the 
‘individual is, I think, complete. That restriction ignores 
the power of organising experience, furnished at the out 
set to'cach individual ; it ignores the different degrees of 
this power possessed by different races, and by different, 
individuals of the same race. Were there not in the 
human brain a potency antecedent to all experience, a dog 
oracat ought to be as capable of education as a man 
‘These predetermined internal relations are independent of 
tho experiences of the individual, The human brain is 
the ‘organised register of infinitely numerous experiences: 
reecived during the evolution of life, or rather during the 
evolution of that series of organisms through which the 
human organism has been reached. The effects of the 
most uniform and frequent of these experiences have been 
successively bequeathed, principal and interest, and have 
slowly mounted to that high intelligence which lies latent 
in the brain of the infant. Thus it happens that the 
European inherits from twenty to thirty cubic inches 
more of brain than the Papuan. Thus it happens that 
fucultice, as of music, which scarcely exist in some 
inferior meos, become congenital in superior ones. Thus 
it happens that out of savages unable to count up to the 
number of their fingers, and speaking a language con~ 
taining only nouns and verbs, arise at length our Newtons 
a > 


At the outsct of this Address it was stated that physi- 
cal theories which lic beyond experience arc derived by a 
process of abstraction from experience. It is ingtructive 
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form to have been introduced. He quotes with satie 
faction the words of a celebrated author and divine 
who had * gradually learnt to see that it was just as noble 
@ conception of the Deity to believe He croated a few 
original forms, capable of self-development into other and 
needful forms, as to believe He required a fresh act of 
creation to supply the voids caused by the action of His 
Jaws’ What Mr. Darwin thinks of this view of the intro~ 
daction of life Ido not know. But the anthropomorphism, 
which it eeomed his object to sct aside, is os firmly asso- 
cinted with the creation of s few forms aa with the ereation 
ofa multitude. We need clearness and thoroughnoss here. 
Two courses and two only are possible. Kither let us 
‘open our doors freely to the conception of creative acts, 
or, abandoning them, let: us radically change our notions 
of Matter. Ifwe look at matter as pictured by Demoeri~ 
tus, and as defined for generations in our scientific text~ 
books, the notion of conscious life coming out of it, cannot 
be formed by the mind. The argument placed in the mouth 
of Bishop Butler suffices, in my opinion, to crush all such 
materialism as this. Those, however, who framed theese 
definitions of matter were but partial students. ‘They wero 
not biologists, but mathematicians, whose labours referred 
only tosnch accidents and properties of matter ag could be 
expressed in their formule. Their science was mechanical 
seience, not the science of life, With matter in its 
wholeness they never dealt; and, denuded by their imper= 
fect definitions, ‘the gentle mother of all’ became the 
object of her children’s dread. Let us reverently, but 
honestly, look the question in the face. Divorced from 
matter, whore is life? Whatever our faith may sy, ou 
Knowledge shows them to be indissolubly joined. Every 
meal we eat, and every cup we drink, illustrates the 
mysterious control of Mind by Matter. 

On tracing the line of life backwards, we see it ap- 








that evidence considered perfectly conclusive by many has 
been adduced; and that were some of us who have pon- 
dered this question to follow a very common example, and 
accept testimony becauso it falls in with our belief, we 
also should eagerly close with the evidence referred to. 
But, there is in the true man of science a desire stronger 
than the wish to have his beliefs upheld; namely, the 
desire to have them true. And this stronger wish eauses 
him to reject the most plausible support, if he has reason 
to suspect thut it is vitiated by error, Those to whom T 
refer as having studied this question, believing the evidence 
offered in favour of ‘spontaneous generation’ to be thus 
vitiated, cannot accept it. They know full well that the 
chemist now prepares from inorganic matter a vast array 
‘of substances, which were some time ago regurded as the 
sole products of vitality. They are intimately acquainted 
with the structural power of matter, as evidencad in the 
phenomena of crystallisation. They can justify scien- 
tifieally their belief in its potency, under the proper 
conditions, to produce organisms. But, in reply to your 
question, they will frankly admit their inability to point 
to any satisfactory experimental proof that life can be deve~ 
loped, save from demonstrable antecedent life, As already 
indicated, they draw the line from the highest organisms 
through lower ones down to the lowest, and it is the pro- 
longation of this line by the intellect, beyond the range 
of the senses, that leads them to the conclusion which 
Bruno so boldly enuneiated.* 

‘The ‘materialism’ here professed may be vastly dif- 
ferent from what you suppose, and I therefore crave your 
gracious patience to the end. ‘The question of an 
external world,’ says J. S, Mill, ‘is tho great battlo- 
ground of metaphysics,’* Mr, Mill himself reduces ex- 

* Beano wos 6 ' Poutheist,’ not on * Atheist’ or o ‘Materialist. 
* + Examination of Hamilton,’ p, 104, 
\ 
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the manifestation of a Power absolutely inserntable to the 
intellect of mun. As little in our day as in the days of 
Job can man by searching find this Power out. Con= 
sidered fundamentally, then, it is by the operation of an 
insoluble mystery that life on earth is evolved, species 
differentiated, and mind unfolded from their prepotent 
elements in the immeasurable past, There is, you will 
observe, no very rank materialism here. 

‘The strength of the doctrine of evolution consists, not 
in an experimental demonstration (for the subject is hardly 
accessible to this mode of proof), but in its general 
harmony with scientific thought. From contrast, more= 
‘over, it derives enormous relative strength. On the one 
side we have a theory (if it could with any propriety be 
0 called) derived, as were the theories referred to at the 
beginning of this Address, not from the study of nature, 
but from the observation of men—a theory which converts 
the Power whose gurment is seen in the visible universe 
into an Artificer, fashioned after the human model, and 
acting by broken efforts as man is seen to act. On the 
other side we have the conception that all we see around 
us, and all we feel within us—the phenomena of physical 
nature as well as those of the human mind—have their 
unsearchable roots in a cosmical life, if {dare apply the 
term, an infinitesimal span of which is offered to the in- 
vestigation of man. And even this span is only knowablo 


things, In this paper Helmbolte contends strongly nguinst tho view that 
‘the consslousmoss of space is inborn; and he evidently doubts the power of 
the ehiek to pick up grains of corn without proliminary lexaons On thin 
poiat, he mys, further experiments aro neeclod, Such experiments Nave 
‘been singe mndo by Mz, Spalding, widod, I believe, in some of hin obeerra~ 
tions by tho secormplished and dooply lamented Lady Amborly ; and they 
‘root W prove concluMively that the chick does not need a single moment's 
‘taition to enable it to stand, run, govern the muscles of its eyes, and pec, 
‘Helmbolte, howerer, ix contanding against the notion of proawtablished 
‘Barmony j and Iam not aware of hiv rlows us to the organisation of ax- 


porioncas of race oF breed. 


to solve the problem—to. borrow a comparison from an 
illustrious friend of mine—is like the effort of a man 
trying to lift himself by his own waistbund. All thet has 
heen said in this discourse ia to be taken in connection with 
this fundamental truth. When nascent senses! are spoken 
of, when ‘the differontiation of a tistue at firet vaguely 
sensitive all over" is spoken of, and when these | 

are associnted with ‘the modification of an organism by 
its environment, the same parallelism, without contact, 





subject. ‘There is no motor encrgy in the human intellect 
to carry it, without logical rupture, from Snofons Sates 
other, 

Further, the doctrine of evolution dictved eee 
totality, from the interaction of organism and environment 
through countless ages past. The Human Understanding, 
for example,—that faculty which Mr. Spencer has turned 
vo skilfully round upon its own antecedents—is itself a 
result of the play between organism and environment 
through cosmic ranges of time. Never, surely, did pre= 
seription plead so irresistible a claim. But then it comes 
to pass that, over and above his understanding, there are 
many other things appertaining to man, whose preseriptive 
rights are quite as strong as those of the understanding 
itself Tt isa result, for example, of the play of organism 
and covironment that sugar is sweet, and that aloes are 
bitter; that the smell of henbane differs from the perfume 





facts of consciousness (for which, by the 


paseions—the: 
-as one which, when it first occurs, is antecedent 
{ all tative: expeiaice whatarer and we muy pass ite 
-elaim as being at least as ancient, and as valid, as that of 


uding itself. Then there are such things woven 
into the texture of man ns the feeling of Awe, Reverence, 

“Wonder—and not alone the sexual love just referred to, but 

the love of the beautiful, physical, and moral, in Nature, 

Poetry, and Art. There is also that deop-cet feeling, 

which, since the carlicst dawn of history, and’ probably 

for ages prior to all history, incorporated itself in the 
h of the world. You, who have escaped from these 
religions into the high-und-dry light of the intellect, may 
deride them; but in so doing you deride aecidents of forms 
merely, and fail to touch the immoyable basis of the me- 
sentiment in the nature of man. ‘Lo yield this 
sentiment reasonable satisfaction is the problem of problems 
at the present hour, And grotesque in relation to scien- 
tifie culture as many of the religions of the world have been 
and are—dangerous, nay, destructive, to the dearest pri- 
vileges of freemen as some of them undoubtedly have 
been, and would, if they could, be again—it will be wire 
to recognise them as the forms of a force, mischievous if 
permilted to intrude on the region of objective know= 
ledge, over which it holds no command, but capable of 
adding, in the region of poetry and emotion, inward com= 
pleteness and dignity to man. 

Feoling, I say again, dates from ns old an origin and 
us high a source as intelligence, and it equally demands 
its range of play. The wise teucher of humanity will re- 
cognise the necessity of meeting this demand, rather than — 
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ideal. his was the case among the ancients, and it has 
_ been 80 amongst ourselves. Mayer, Joule, and Colding, 
whose names are associated with the greatest of modern 
‘were thus influenced. With his usual in- 
sight, Lange at one place remarks, that ‘it is not always 
the objectively correct and intelligible that helps man 
‘most, or leads most quickly to the fullest and traest know= 
ledge. As the sliding body upon the brachystochrone 
reaches its end sooner than by the straighter road of the 
inclined plane, 0, through the swing of the ideal, we 
often arrive at the naked truth more rapidly than by the 
direct processcs of the understanding.’ Whewell epoaks 
of enthusiasm of temper as a hindrance to science ; but 
he means the enthusiasm of weak heads, There is a 
strong and resolute onthusiasm in which science finds 
an ally; and it is to the lowering of this fire, rather 
than to the diminution of intellectual insight, that the 
lessening produetiveness of men of science, in their 
| mature years, is to be asoribed. Mr. Buckle sought to 
detach intellectual achievement from moral force. He 
gravely erred; for without moral force to whip it into 
action, the achiovernent of the intellect would be poor 
indeed. 

‘It has been said by its opponents that science divorces 
iteelf from liternture; but the statement, like so many 
others, arises from lack of knowledge. A glance at the less 
technical writings of its leaders—of its Helmholts, its Hux- 
ley, and ite Du Bois-Reymond—would show what breadth of 
literary culture they command. Where among modern 
writers can you find their superiors in clearness and vigour 
of literary style? Science desires not isolation, but freely 
combines with every effort towards the bettering of man’s 
estate. Single-handed, and supported not by outward aym~ 
pathy, but by inward force, it has built at least one great 
wing of the many-mansioned home which man in his to~ 
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teaches us how the troubles of common life may be 
d; and it is perfectly possible for you and me to 
intellectual peace at the price of intellectual 
‘The world is not without refuges of this description 5 
‘is il wanting in persons who seek their shelter, and try 

p c others to do the same. ‘The unstable and the 

iave yielded and will yield to this persuasion, and 

RGR GS wha Tubes Se ersoter tia’ hb. But 1 
‘would exhort you to refuse the offered shelter, and to seorn 
‘base repose— to accept, if the choice be forced upon you, 

_ commotion befere stagnation, the broeay leap of the torrent 
before the fostid stillness of the swamp, In the course of 
‘this Address Thave touched on dobatablo questions, snd led 
you over what will be deemed dangerous ground—and this 
_ partly with the view of telling you that, as regards these 
questions, science claims unrestricted right of search. Th 
is not to the point to say that the views of Lucretius and 
Bruno, of Darwin and Spencer, may be wrong. Here L 
should agree with you, deeming it indeed certain that 
these views will undergo modification. But the point is, 
that, whether right or wrong, we claim the right to discuss 
them, For science, howover, no exclusive claim is here 
| male; you are not urged to erect it {nto an idol. ‘The in- 
exoralile advance of man’s understanding in the path of 
Knowledge, and those unquenchable claims of his moral 
‘and emotional nature, which the understanding can never 
satisfy, are here equally set forth. The world embraces 
‘not only a Newton, but a Shakspeare—not only a Boyle, 
but a Raphnel—not only a Kant, but a Beethoven—not 
only a Darwin, but a Carlyle, Not in each of these, but 
in oll, ig human nature whole. They are not opposed, but 












supplementary—not mutually exclusive, but reconcilsble, 
And if, unsatisfied with them all, the human mind, with 
the yearning of a pilgrim for his distant home, will still 
turn to the Mystery from which it has emerged, secking 
so to fashion it as to give unity to thought and faith; «0 
Jong as this is done, not only without intolerance or bigotry 
of any kind, but with the enlightened reeognition that 
ultimate fixity of conception is here unattainable, and 
that each succeeding age must be held free to fashion the 
mystery in accordance with its own needs—then, casting 
aside all the restrictions of Materialism, I would affirm 
this to be a field for the noblest exercise of what, in con- 
trast with the knowing fncultics, may be called the creative 
fxculties of man. Here, however, I touch a theme too 
great for mo to handle, but which will assugedly be handled 
by the loftiest minds, when you and I, like streaks of 
morning cloud, shall have melted into the infinite azure of 
the past. 


Prefatory Remarks, 
L 


At the request of my Publishers, strengthened by the 
expressed desire of many Correspondents, I reprint, with 
a fow slight alterations, this Address, 

Tt was written under some disadvantages this year in 
the Alps, and sent by instalments to the printer. When 
read eubsequontly it proved too long for ita purpose, and 
several of ite passages were accordingly struck out. Some 
of them are here restored, 

Tt has provoked an unexpected amount of criticism. 
This, in due time, will subside; and I confidently look 
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toa calmer future for a verdict, founded not on 
‘sins, but on the real facts of the ease. 

Of the numberless strictures and accusations, some of 

exoceding fierce, of which I have been, and continue 

be, the object, I refrain from speaking at any length. 

‘one or two of them, however, out of respect for their 

I would ask permission briefly to refer. 
An evening paper of the first rank,! after the ascription 
mo of various more or leas questionable aims and motives, 
proceeds to the imputation, that I permitted the cheers 
of my sudience to ‘stimulate’ me to the utterance of 
words which no right-minded man, without a sense of the 
gravest responsibility, could employ. I trust, the author 
of this charge will allow me in all courtesy to nssure him 
that the words ascribed by him to the spur of the moment 
were written in Switzerland; that they stood in the 
) printed copy of the Address from which I read, and were 
‘in the hands pf yarious London editors some days previous 
to the reading; that they evoked no ‘cheers, but a 
silence far more impressive than cheers ; and that, finally, 
as regards both approbation and the reverse, my course 
had been thought over, and decided, long before I ventured 
to address a Belfhst audience, 

A writer in an able theological journal represents 
me us “patting religion on the back,? ‘The thought of 
doing so is certainly his, not mine. The facts of re 

feeling are to me as certain as the facts of physics. 
But the world, I hold, will have to distinguish between 
the feeling and its forms, and to vary the latter in accord- 
ance with tho intellectual condition of the age. 

Tam unwilling to dwell upon statements aseribed to 
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4 Tho ‘Pull Mall Graetto! 

Baie so irae se aed oot osu rh apa a 
nddsoms ow tho *Seioutifle Use of the Imagination,’ tho ‘materialism’ of 
‘which is quite as pronounced ax that of tho * Belfast Address! 
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correspoudeut, who described it as saiitg Lactigdiaie 
among the strange calumnics’ with which my words have 
been assailed. For myself 1 use no language which 
could imply that Iam hurt by such attacks, They have 
lost their power to wound or injure, So likewise as re- 
yards a resolution recently passed by the Presbytery of 
Belfast, in which Professor Huxley and myself are spoken 
of as ‘ignoring the existence of God, and advocating pure 


objectively trae; but to make it 20 this qualification is 
required. 
Cardinal Cullen, I am told, is alao actively eagaged in 


believe him to be impotent here. The youth of Ireland 
‘Will imbibe ecience, however slowly ; they will be leavened 
by it, however gradually, And to its inward modifying 
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power among Catholics themselves, rather than to any 
Protestant propagandism, or other external infinesce, I 
look for the abatement of various incongruitics, evaspicn- 
ous among which stand those medizval proceedings which, 
to the scandal and amazement of our nineteenth century 
intelligence, have been revived among us durizg the last 
two years, 

In connection with the charge of Atheism, I would 
make one remark. Christian men are proved by their 
writings to have their hours of weakness and of doubt, as 
well as their hours of strength and of conviction ; and 
men like myself share, in their own way, these variations 
of mood and tense. Were the religious moods of many of 
my assailants the only alternative ones, I do not know 
how strong the claims of the doctrine of ‘Material Athe- 
ism’ upon my allegiance might be. Probably they would 
be very strong. But, as it is, I bave noticed during years 
of self-observation that it is not in hours of clearness and 
vigour that this doctrine commends itself to my mind; 
that in the presence of stronger and healthier thought it 
ever dissolves and disappears, as offering no solution of 
the mystery in which we dwell, and of which we forma 
part. 

To coarser attacks and denunciations I pay no atten- 
tion; nor have I any real reason to complain of revilings 
addressed to me, which professing Christians, as could 
readily be proved, do not scruple to use towards each 
other.'! The more agreeable task remains to me of thank- 


* Thad somo notion of comparing at this placo the amenities of Chris- 
tian men towards each other, with those of the Christian towards the ‘infidel,’ 
I refrain from doing 60, simply because the samples before mo, on both 
sides (I say it with deliberation), are too brutal to be repeated. Give me, 
for my part, a resigned and dignified atheism, rother than a theism with 
‘an outcome such as this. It would, however, be unjust to take these 












Reflecting on the fraction I have read of recent re- 
“monstrances, appeala, menaces, and judgments—covering 
‘not only the world that now is, but that which is to 
-eome—I haye noticed with mournful interest how trivially 
men seem to be influenced by what they call their religion, 
and how potently by that ‘nature’ which it is the alleged 
province of religion to eradicate or subdue. From fair 
and mavly argument, from the tenderest and holiest 
aympathy on the part of those who desire my eternal 
good, I puss by many gradations, through deliberate un- 
fairness, to a spirit of bitterness which desires with # 
fervour inexpressible in words my eternal ill. Now, were 
religion the potent factor, we might expect. a homogeneous 
utterance from those professing a common creed, while, if 
human nature be the really potent fictor, we may expect 
utterances as heterogeneous as the characters of men. As 
a matter of fact we have the latter; suggesting to my 
mind that the common religion, professed and defended 
by these different poople, is merely the accidental conduit 
through which they pour their own tempers, lofty or low, 
courteous or vulgar, mild or ferocious, as the case may 
be. Pure abuse, however, as serving no good end, I have, 
wherever pomitile, deliberately avoided reading, wishing, 
indeed, to keep, not only hatred, malice, uncharitable- 
ness, but even every trace of irritation, far away from 
my side of a discussion, which demands not only good 
tempor, but largeness, clearness, and many-sidedness of 
mind, if it is to guide us even to provisional solutions, 

At an early stage of the controversy, a distinguished 
Professor of the University of Cambridge was understood 
to argue—and his argument was caught up with amusing 
eagerness by a portion of the religious Press—that my 
ignorance of mathematics renders me incompetent, to 
speculate on the proximate origin of life, Had I thought 
his argument relevant, my reply would have been simple; 








for before me lies a printed | v 

tro old, the, of this sume learned 

pad amipepser pete fej 
wi £ well versed in pure mathenaties.” 


Tt has been stated, with many variations of note aud 
comment, that in the Address as 
Longman I have retracted opinions uttered at Belfast, A 
Roman Catholic weiter is specially strong upon this point. 
Startled by the deep chorus of dissent which my daz: 
fallacies have evoked, Iam now trying to retreat. This 
he will by no means tolerate. ‘It is too Inte now to seek 
to hide from the eyes of mankind ane foal blot, one ghastly 
deformity, Professor Tyndall has himself told us how and 
where this Address of his was composed. It was written 
among the glaciers and the solitudes of the Swiss moun- 
tains, It was no hasty, hurried, erade production ; its 
every sentence bore marks of thought and care.’ 

My critic intends to be severe: he is simply just. In 
the ‘solitudes’ to which he refers T worked with délibern 
tion; endeavouring even to purify my intellect by die 
ciplines similar to those enjoined by his own Church for 
the sunctification of the soul, I tried, moreover, in my 
ponderings to realise not only the lawful, but the ex- 
pedient ; and to permit no fear to act upon my mind, save 
that of uttering a single word on which I could not take 
my stand, either in this or in any other world, _ 

Still my time was so brief, and my process of thought 
and expression so slow, that, in a literary point of view, 
T halted, nob only behind the ideal, but behind the 
possible, Henoe, after the delivery of the Address, 1 went 
over it with the doaire, not to revoke its principles, bub 
to improve it verbally, and above all to remove any word 
which might give colour to the notion of * heat and baste,” 
Tn holding up us a warning to writers of the present the 
errors and follies of thr denouncers of the past, 1 took 
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eocasion to compare the intellectual propagation of such 
denouncers to that of thistlegerms: the expression was 
thought offensive, and I omitted it. It is still omitted 
from the Address. There was also another passage, which 
ran thus: ‘It is vain to oppose this force [of religion] with 
a view to its extirpation. What we should oppose, to the 
death if necessary, is every attempt to found upon this 
elemental bias of man's nature, a system which should 
exercise despotic sway over his intellect. I do not fear 
any such consummation. Science has already to some 
extent leavened the world, and it will leaven it more and 
more, I should look upon the mild light of science 
bresking in upon the minds of the youth of Ireland, and 
strengthening gradually to the perfect day, us a surer 
cheek to any intellectual or spiritual tyranny which might 
threaten this island, than che laws of princes or the swords 
of emperors. Where is the cause of foar? We fought 
and won our battle even in the Middle Ages; why should 
we doubt the ixsue of a conflict now ?* 
‘This passage also was deemed unnecessarily warm, and 
T therefore omitted it. I fear it was an act of weakness 
ou my part todo so. For, considering the aims and acta 
ofthat renowned organization, which for the time being 
wields tho entire power of my critic's Church, not only 
resistance to its further progress, but, were it not for the 
intelligence of Roman Catholic laymen, positive restriction 
of its present power for evil, might well become. the 
attitude of society ax regards that organisation, 
With some slight verbal alterations, therefore, which do 
not impair its strength, the passage has been restored. 
‘My critic is very hard upon the avowal in my Preface 
reganding Atheism. But I frankly confess that his honest 
hardness and hostility are to me preferable to the milder 
but more unfair treatment which the passage has received 
from members of other Churches. He quotes the para- 
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sae a 
remarkable pasage. Much ag we  pensoning 
strong: 


polemics with words, wo assert that this Apology 
to affix with links of steel to the name of 


& 
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nor should [ even disavow it, in reference to any definition 
of the Supreme whieh he, or his order, would be likely to 
frame. His ‘links’ and his ‘stecl’ and his ‘dread im= 
putations’ are, therefore, even more unsubstantial than 
my ‘streaks of morning cloud,’ and they may be permitted 
to vanish together, 


Soon after the delivery of the ‘Belfast Address’ the able 
and hop of Manchester did me the honour of 
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noticing it; and in reference to that notice a brief and, I 
trust, not uncourteous remark was introduced into my 
first Preface. Since that time the Bishop’s references to 
me have been very frequent. Assuredly this is to me an 
unexpected honour. Still a doubt may fairly be enter- 
tained whether this incessant speaking before public 
assemblies, on a profouudly emotional subject, does not 
tend to disturb that equilibrium of head and heart which 
it is always so desirable to preserve—whether, by giving 
an injurious predominance to the feelings, it does not 
tend to swathe the intellect in a warm haze, thus making 
the perception, and consequent rendering of facts, in- 
definite, if not untrue. It was to the Bishop I referred 
in a recent brief discourse as ‘an able and, in many 
respects, a courageous man running to and fro upon the 
earth, and wringing his hands over the threatened loss 
of his ideals.’ It is doubtless to this sorrowing mood— 
this partial and, I trust, temporary overthrow of the 
judgment by the emotions—thut I must ascribe a pro- 
bably unconscious, but still grave, misrepresentation, con- 
tained in the Bishop’s last reference to me. In the 
‘Times’ of November 9 he is reported to have expressed 
himself thus: ‘In his lecture in Manchester Professor 
‘Tyndall as much as said that at Belfast he was not in 
his best mood, and that his despondency passed away 
in brighter moments.’ Now, considering that a verbatim 
report of the lecture was at hand in the ‘ Manchester 
Examiner,’ and that my own corrected edition of it was 
to be had for a penny, the Bishop, I submit, might 
have afforded to repeat what I actually said, instead of 
what I ‘as much as said” I am sorry to add that his 
rendering of my words is a vain imagination of his own. 
In my lecture at Manchester there was no reference, ex- 
pressed or implied, to my moods in Belfast. 

To all earnest and honest minds acquainted with the 
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the nebule from the worlds of to-day. But only a few 
years ago this now conceded ground of science was theo- 
logical ground. I could by no means regard this as the 
final and sufficient concession of theology ; and, at Belfast, 
I thought it not only my right but my duty to state that, 
as regards the organic world, we must enjoy the freedom 
which we have already won in regard to the inorganic. I 
could not discern the shred of a title-deed which gave any 
man, or any class of men, the right to open the door of 
one of these worlds to the scientific searcher, and to close 
the other against him. And I considered it frankest, 
wisest, and in the long run most conducive to permanent 
peace, to indicate, without evasion or reserve, the ground 
that belongs to Science, and to which she will assuredly 
make good her claim. 

Considering the freedom allowed to all manner of 
opinions in England, surely this was no extravagant 
position for me to assume. I have been reminded that 
an eminent predecessor of mine in the Presidential chair, 
expressed a totally different view of the Cause of things 
from that enunciated by me. In doing so he transgressed 
the bounds of science at least as much as I did; but 
nobody raised an outery against him. The freedom he 
took I claim. And looking at what I must regard as the 
extravagances of the religious world; at the very inade- 
quate and foolish notions concerning this universe, which 
are entertained by the majority of our authorised religious 
teachers ; at the waste of energy on the part of good men 
over things unworthy, if I might say it without discourtesy, 
of the attention of enlightened heathens; the fight about 
the fripperies of Ritualism, and the verbal quibbles of the 
Athanasian Creed; the forcing on the public view of 
Pontigny Pilgrimages ; the dating of historic epochs from 
the definition of the Immaculate Conception ; the pro- 
clamation of the Divine Glories of the Sacred Heart— 





standing in the midst of these astoun 
prices deep eA Mt 
claim the dreaded] 59 
statement of more reasonable praia done = 
accordance with the verities which scienee has brought to 
light, and which many weary souls would, I thought, 
welcome with gratification and relief. 

But to como to closor quarters, ‘The expression to 
which the most violent exception has been taken is this: 
“Abandoning all disguise, the confession T feel bound to 
make before you is, that I prolong the vision backward 
neross the boundary of the experimental evidence, and 
discern in that Matter which we, in our ignorance, and. 
notwithstanding our professed reverence for its Oreator, 
have hitherto covered with opprobrium, the promise and 
potency of every form and quality of life.’ ‘To call it a 
“chorus of dissent,’ as my Catholic critic doos, is a mild 
way of describing the storm of opprobrium with which 
this statement hus been assailed. But the first blast of 
passion being past, I hope I may again ask my opponents 
to consent to reason. First of all, I am bepieriesa 
crossing the boundary of the experimental evidenoo. 

‘This, I reply, is the habitual action of the eolenliie muna’ 
—-at least of that portion of it which applies iteclf to 
physical investigation, Our theories of light, heat 
Tmagnotism, and electricity, all imply the crossing of this 
boundary. My paper on the ‘Scientific Use of the Tma- 
gination, and my ‘Lectures on Light,” illustrate this 
point in the amplest manner; and in the brief discourse 
which follows this Address I have sought, incidentally, to 
make clear, that in physics the experientisl inceseantly 
leads to the ultm-oxperiential; that ont of experience 
there always grows something finer than more experience, 
and that in their different powers of ideal extension eon- 
tists, for the most, part, the difference between the great 
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+ and the mediocre investigator. The kingdom of science, 

: then, cometh not by observation and experiment alone, 
but is completed by fixing the roots of observation and 
experiment in a region inaccessible to both, and in dealing 
with which we are forced to fall back upon the picturing 
power of the mind. 

Passing the boundary of experience, therefore, does 
not, in the abstract, constitute a sufficient ground for 
censure, There must have been something in my par- 
ticular mode of crossing it, which provoked this tremendous 
“chorus of dissent.’ 

Let us calmly reason the point out. I hold the nebular 
theory as it was held by Kant, Laplace, and William 
Herschel, and as it is held by the best scientific intellects 
of to-day, According to it, our sun and planets were 
once diffused through space as an impalpable haze, out of 
which, by condensation, came the solar system. What 
caused the haze to condense ? Loss of heat. What rounded 
the sun and planets? That which rounds a tear—mole- 
cular force. For zons, the immensity of which overwhelms 
man’s conceptions, the earth was unfit to maintain what 
we call life. It is now covered with visible living things. 
They are not formed of matter different from that of the 
earth around them. They are, on the contrary, bone of its 
Done and flesh of its flesh, How were they introduced ? 
‘Was life implicated in the nebula—as part, it may be, of 
a vaster and wholly Unfathomable Life ; or is it the work 
of a Being standing outside the nebulz, who fashioned it 
and vitalised it; but whose own origin and ways are equally 
past finding out? As far as the eye of science has 
hitherto ranged through nature, no intrusion of purely 
creative power into any series of phenomena has ever been 
observed. The assumption of such a power to account for 
special phenomena, though often made, has always proved 
a failure. It is opposed to the very spirit of science, and 
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leading, in rougher ages than ours, to physical, and even 
in our own ‘free’ age to moral, violence. 


No incident connected with the proceedings at Belfast 
is more instructive than the deportment of the Catholic 
hierarchy of Ireland; a body usually too wise to confer 
notoriety upon an adversary by imprudently denouncing 
him. The ‘Times, to which I owe nothing on the score 
of sympathy, but a great deal on the score of fair play, 
where so much has been unfair, thinks that the Irish 
Cardinal, Archbishops, and Bishops, in the recent mani- 
festo, adroitly employed @ weapon which I, at an unlucky 
moment, placed in their hands. ‘The antecedents of 
their action cause me to regard it in a different light; 
and a brief reference to these antecedents will, I think, 
illuminate not only their proceedings regarding Belfast, 
but other doings which have been recently noised 
abroad. 

Before me lies a document, bearing the date of 
November 1873, but which, after appearing for a moment, 
unaccountably vanished from public view. It is a 
Memorial addressed by Seventy of the Students and Ex- 
students of the Catholic University in Ireland, to the 
Episcopal Board of the University; and it constitutes 
the plainest and bravest remonstrance ever addressed by 
Irish laymen to their spiritual pastors and masters. It 
expresses the profoundest dissatisfaction with the cur- 
riculum marked out for the students of the University ; 
setting forth the extraordinary fact that the lecture-list 
for the faculty of Science, published a month before they 
wrote, did not contain the name of a single Professor of 
the Physical or Natural Sciences. 

The memorialists forcibly deprecate this, and dwell 
upon the necessity of education in science: ‘The distin- 
guishing mark of this age is its ardour for science, The 





and natural sciences that the fiercest auaults are now 
made on our religion. No more deadly weapon is used 
against our faith than the facts ineuntestably proved by 
modern researches in science.’ 

‘Such statemeots must be the reverse of comfortable 
tos number of gentlemen who, trained /in the philosophy 
of Thomas Aquinas, have been accastomed to the un- 
questioning submission of all other sciences to their 
divine lence af Theology. But something more remains: 
* One thing seems certain,’ sy the memorialsts, viz, ‘that 
if chairs for the physical and nataral sciences be not soon 
founded in the Catholic University, very many young 
men will have their faith exposed to dangers which the 
creation of a echool of science in the University would 
dofend them from. For our generation of Irish Catholics 
are writhing under the sense of their inferiority in 
science, snd are determined that such inferiority shall 
not long continue; and so, if scientific training be un- 
attainable at our University, they will seek it at Trinity, 
‘or at the Queen's Colleges, in not one of which is there 
a Catholic Profesor of Science." 
ington to be due to the spontancous recognition, on the 
part of the Roman hierareby, of the intellectual needs of 





the age, will derive enlightenment from this, and still more 
from what follows: for the most formidable threat remains, 
To the picture of Catholic students 


-.—~ the memorialists add this darkest 
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stroke of all: ‘They will, in the solitude of their own 
homes, unaided by any guiding advice, devour the works 
of Hackel, Darwin, Huxley, Tyndall, and Lyell; works 
innocuous if studied under a professor who would point 
out the difference between established facts and erroneous 
inferences, but which are calculated to sap the faith of 
a solitary student, deprived of a discriminating judg- 
ment to which he could refer for a solution of his diffi- 
culties.’ 

In the light of the knowledge given by this courageous 
memorial, and of similar knowledge otherwise derived, 
the recent Catholic manifesto did not at all strike me as 
a chuckle over the mistake of a maladroit adversary, but 
rather as an evidence of profound uneasiness on the part 
of the Cardinal, the Archbishops, and the Bishops who 
signed it. They acted towards it, however, with their 
accustomed practical wisdom. As one concession to the 
spirit which it embodied, the Catholic University at Ken- 
sington was brought forth, apparently as the effect of 
spontaneous inward force, and not of outward pressure, 
which was rapidly becoming too formidable to be success~ 
fully opposed. 

The memorialists point with bitterness to the fact, 
that ¢ the name of no Irish Catholic is known in connection 
with the physical and natural sciences.’ But this, they 
ought to know, is the complaint of free and cultivated 
minds wherever a Priesthood exercises dominant power. 
Precisely the same complaint has been made with re- 
spect to the Catholics of Germany. The great national 
literature and scientific achievements of that country, in 
modern times, are almost wholly the work of Protestants. 
A vanishingly small fraction of it only is derived from 
members of the Roman Church, although the number of 
these in Germany is at least as great as that of the Pro- 
testanta. ‘The question arises,’ says a writer in an able 
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Monsignor Capel has recently been good enough to pro- 
claim at once the friendliness of his Church towards true 
science, and her right to determine what true science is. 
Let us dwell for a moment on the proofs of her scientific 
competence. When Halley's comet appeared in 1456 it 
was regarded as the harbinger of God’s vengeance, the 
dispenser of war, pestilence, and famine, and by order of 
the Pope the church bells of Europe were rung to scare 
the monster away. An additional daily prayer was added 
to the supplications of the faithful. The comet in due 
time disappeared, and the faithful were comforted by the 
assurance that, as in previous instances relating to eclipses, 
droughts, and rains, so also as regards this ‘nefarious’ 
comet, victory had: been vouchsafed to the Church. 

Both Pythagoras and Copernicus had taught the 
heliocentric doctrine—that the earth revolves round the 
sun. In the exercise of her right to determine what true 
science is, the Church, in the Pontificate of Paul V., 
stepped in, and by the mouth of the holy Congregation of 
the Index, delivered, on March 5, 1616, the following 
decree :-— 

And whereas it hath also come to the knowledge of the 
said holy congregation that the false Pythagorean doctrine 
of the mobility of the earth and the immobility of the sun, 
entirely opposed to Holy writ, which is taught by Nicolas 
Copernicus, is now published abroad and received by 
many. In order that this opinion may not further 
apread, to the damage of Catholic truth, it is ordered that 
this and all other books teaching the like doctrine be eus- 
pended, and. by this decree they are all respectively sus- 
pended, forbidden, and condemned. 

But why go back to 1456 and 1616? Far be it from 
me to charge bygone sins upon Monsignor Capel, were it 
not for the practices he upholds to-day. The most 
applauded dogmatist and champion of the Jesuits is, I am 
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the other boing roserved for future treatment. 
¢ froma source ta which the Bible was specially 


Rome. I had a father whose memory ought to be to 


‘me astay, and an example of unbending rectitude and 
purity of life. The small stock to which he belonged 
“were scattered with various fortunes along that eastern 
fim of Leinster, from Wexford upwards, to which they 
‘crowed from the Bristol Channel, My father was the 
“poorest of them. Socially low, but mentally and morally 
“high and independent, by his own inner energies and affi- 
nities he obtained a knowledge of history which would put. 
_ tine toshame; while the whole of the controversy between 
Protestantism and Romanism was at his fingers’ ends. At 
the present momeut the works and characters which 
oecupied him come, aa far-off recollections, to my mind, 
Claude and Boseuet, Chillingworth and Nott, Tillotson, 
Jeremy Taylor, Challoner and Milner, Pope and MeGuire, 
and others whom [have forgotten, or whom it is needless 
toname. Still this man, so charged with the ammunition 
of controversy, was so respected by his Catholic fellow- 
townsmen, that they one and all put up their shutters 
when he died. 
With such a preceptor, and with an hereditary interest 
_ in the Papal controversy, I naturally went into it, I did 
not confine myself to the Protestaut statement of the 
question, but made myself also acquainted with the angu= 
ments of the Church of Rome, TI remember to this hour 
the interest and surprise with which [read Challoner’s 
“Catholic Christian Instructed ;’ and on the border-line 
‘between boyhood and manhood I was to be found taking 
part in controversies, in which the rival faiths were pitted 
against cach other. I sometimes took the Catholic side, 


oe 











But this ig an opisode, intended to disabuse those who, 
in this country or the United States, may have been mis 
led by reckless persons, in regard to the personal points 
referred to. I now return to the impersonal, The course 
of life upon earth, as far as Science can see, has been one 
of amelioration—a steady advance on the whole from the 
lower to the higher. The continued effort of animated 
nature is to improve ite condition and raiso iteelf ton 
loftier level, In man improvement and ameliorntion 
depend largely upon the growth of conscious knowledge, 
hy which the errors of ignorance are continually moulted, 
and truth is organised. It is assuredly the advance of 
knowledge that has given a materialistic colour tothe 
philosophy of this age. Materialism is therefore nob a 
thing to bo mourned over, but to be honestly considered — 
accepted if it be wholly true, rejected if it be wholly fales, 
wisely sifted and turned to account if it embmeo a 
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duty not to shirk—it ought rather to be our privilege to 
accept—the established results of such enquiries, for here 
assuredly our ultimate weal depends upon our loyalty to 
the truth. Tnstructed as to thé control which the nervous 
‘system exercises over man’s moral and intellectual nature, 
we shall be better prepared, not only to mend their mani- 
fold defects, but also to strengthen and purify both. Is 
mind degraded by this recognition of its dependance ? 
Assuredly not. Matter, on the contrary, is raived to the 
level it ought to oceupy, and from which timid ignorance 
would remove it. 

But the light is dawning, and it will become stronger 
as time goes on, Even the Brighton Congress affords 
evidence of this. From the manifold confusions of that 
assemblage my memory bas rescued two items, which it 
would fain preserve: the recognition of a relation between 
‘Health and Religion, and the address of the Rev. Harry 
Jones. Out of the conflict of vanities hia words emerge 
wholesome and strong, because undrugged by dogma, 
coming dirvctly from the warm brain of one who knows 
what practical truth means, and who has faith in its 
vitality and inherent power af propagation. I wonder is 
he less effectual in his ministry than his more embroidered 
colleagues? It surely behoves our teachers to come to some 
definite understanding as to this question of health; to 
see how, by inattention to it, we are defrauded, negatively 
and positively: negatively, by the privation of that 
*eweetness and light’ which is the natural concomitant 
of ood health; positively, by the insertion into life of 
eynicism, ill-temper, and a thousand corroding anxieties 
which good health would dissipate. We fear and scorn 
‘materialism.’ But he who knew all about it, and could 
apply his knowledge, might become the preacher of a new 

L Not, however, through the ecstatic moments of 
the individual docs such knowledge come, but through 
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me that the poet, in some of his moods, was accustomed 
to seize hold of an external object to assure himself of his 
own bodily existence. No onc, I should say, bus had a 
wider experience in this feld than Mr. Emerson, As 
etates of consciousness those phenomena have an undis- 
puted reality, and a substantial identity; but they are 
connected with the most heterogeneous objective concep- 
tions. The subjective experiences are similar, because of 
the similarity of the underlying nervous organisations. 

But for those who wish to look beyond the practical 
facts, there will always remain ample room for speculation. 
‘Take the argument of the Lucretian introduced in the 
foregoing Addrose at page 498. As far as I am aware, not 
one of my asenilants has attempted to answer it, Some 
of them, indeed, rojoico over the ability displayed by 
Bishop Butler in rolling back the difficulty on his opponent 
and they even imagine that it ix the Bishop's own argue 
ment that is there employed. Tnstrueted by self-know= 

they can hardly credit’ me with the wish to state 
both sides of the question at issue; and to show by 
reasoning, stronger than Butler ever used, the overthrow 
which awaits any doctrine of materialism based upon 
the definitions of matter habitually received. But the 
raising of a new difficulty does not abolish—doos not 
even lossen—the old one, and the argument of the 
‘Lucretian remains untouched by anything the Bishop bas 
said or can say, 

‘And here it, may be permitted me to add a word to-an 
important controversy now going on. In an article on 
* Physics and Metaphysics,’ published in the ‘Saturday 
Review’ more than fourteen years ago [1860], I ventured to 
state thus tho old problem of the relation of physics tocon- 
sciousness: ‘The philocophy of the future will assuredly 
take more account than that of the past, of the relation of 
thought and feeling to physical processes; and, it may be, 
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I ‘The discussion above referred to turns on the question: 
Do states of consciousness enter us links into the chain of 
antecedence and sequence, which give rise to bodily actions, 
and to other states of consciousness; or are they merely 
which are not essential to the physical 
‘processes going on in the brain? Speaking for myself, it 
is certain that I have no power of imngining states of 
consciousness, interposed between the molecules of the 
brain, and influencing the transference of motion among 
the molecules, The thought ‘eludes all mental presenta- 
tion ;’ and hence the logic seems of iron strength which 
claims for the brain an automatic action, uninfluenced by 
states of consciousness. But it is, I believe, admitted by 
those who hold the automaton-theory, that states of 
consciousness axe produced by the marshalling of the 
molecules of the brain; and this production of conscious~ 
news by molecular motion is to me quite as unthinkable 
‘as the production of molecular motion by consciousness. 
Ii, therefore, unthinkability be the proper test, I must 
equally reject both classes of phenomena. I, however, 
reject neither, and thus stand in the prescuce of two In- 
comprehensibles, instead of one Incomprehensible, While 
accopting fearlessly the facts of materialism dwelt upon in 
these pages, L bow my head in the dust before that 
mystery of mind, whieh has hitherto defied its own peno- 
trative power, and which may ultimately resolve itself into 
a demonstrable impossibility of self-penetration. 

But the seeret is an open one—the practical monitians 
are plain enough, which declare that on our dealings with 
matter depends our weal or woe, physical and moral. 
‘The state of mind which rebels against the recognition of 
the claims of ‘materialism’ is not unknown to me, FE 
can remember a time when I regarded my body as a weed, 
so much more highly did I prize the conscious strength 
and pleasure derived from moral and religious feeling 


_— 
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and the living in it impracticable, were it not for some 
acquired moderation and self-government, some aptitude 
and readiness in restraining themselves, and concealing 
their sense of things,” In temperance of language, at 
a ene me es! Meera 5 Nn 
good example.' 

Armas Oren: 

December 9, 1874. 


Joun Trxpau. 


A still more romarkablo illastration of absence of vituperation, asso= 
apahain mittee igs furnished by the sermon of tho Bishop 

of Cazlinlo, reported in the ' Oxford University Herald’ for November 28, 
AST, To Dr. Quarry, and to © contributor in the current numbor of 
‘tho "British Quarterly Review my speclal acknowledgmonts are dun. 
(November, 1875.) 
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‘an imnpertinenice on my part if I seek to instruct them, for 
an hour or so, on the subject chosen for my class. In 
doing so I run the imminent risk of being wearisome as 
well as impertinent; while labouring under the further 
dismdyantage of not being able to make matters pleasint 
at the conclusion of the lecture, by the process adopted at 
the end of my lesson to the boys. The experiment, how- 
ever, must be made. 

We are to consider this evening some of the phe- 
nomena of Crystallisation; but in order to trace the 
genesis of the notions now entertained upon the subject, 
we have to go a long way back. In the drawing of a bow, 
the darting of a javelin, the throwing of a stone—in the 
lifting of burdens, and in personal combats, even savage 
man became acquainted with the operation of force. His 
first efforts were directed towards securing food aud 
shelter ; but ages of discipline, during which his power 
was directed against nature, against his prey, and against 
his fellow-man, taught him foresight. He laid by at 
tho proper season stores of food, thus obtaining time to 
look about him, and to become an observer and enquirer. 
He discovered two things, which must have profoundly 
stirred his curiosity, and sent down to us the record of 
his diseovery. He found that a kind of resin dropped 
from a certain tree possessed, when rubbed, the power 
of dmwing light bodies to itself, and of causing them to 
cling to it; and he also found that o particular stone 
exerted a similar power over a particular kind of 
metal. I allude, of course, to electrified amber, and to 
the loadetone, or natural magnet, and its power to attract 
particles of iron. Previous experience bad enabled our 
early enquirer to distinguish between a push and a pull. 
Jn fact, muscular efforts might be divided into pushes 
and pulls, Augmented experience showed him that in 
‘the case of the magnet and the amber, pulls and pushes— 
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orbit by the chain—that the sun twirls the earth sround 
him, asa boy twirls round his head a bullet at the end of 
- astring. But why should the chain be needed ? asks the 
speculative mind. It is a fact of experience that bodies 
can attract ench other at a distance, without the in- 
tervention of any chain, Why should not the sun and 
earth ¥o attract each other? and why should not the fall 
of bodies from # height. be the result of their attraction 
hy the earth? Here then we have one of those higher 
thoughts of speculation, which grow out of the fruitful 
soil of observation. Having started with the savage, and 
his sensations of muscular force, we puts on to the obser~ 
vation of force exerted between a magnet and rubbed 
amber, and the bodies which they attract, rising, by an 
unbroken growth of ideas, to a conception of the force by 
which san and planets are held together. 

‘This idea of attmetion between sun and planets bad 
beeome familiar in the time of Newton. He set himself 
to examine the attraction; and here, as elsewhere, we 
find the speculative mind falling back for its materials 
upon experience. It had been observed, in the case of 
magnetic and electric bodies, that the nearer they were 
brought together the stronger was the force exerted be- 
tween them ; while, by increasing the distance, the fores 
diminished until it became insensible, Hence the infer 
ence that the assumed pull between the earth and the 
sun would be influenced by their distance asunder. 
Guesses had been made as to the exact manner in which 
the foree varied with the distance; but, in the case of 
Newton, the guess was supplemented by being brought 
to the eavere test of experiment and calculation. Com- 
paring the pull of the earth upon a body close to its 
surface, with the pull upon the moon, 240,000 miles 
away, Newton rigidly established the law of variation 
with the distance, thos placing in our hands a principle 





which cnables us to determine the date of astronomical 
events in the far historic past, or in the distant future! 

But on his way to this great reanlt Newton found room 
ts bi eple sia on Ane ood ee 
indeed, constituted the necessary 
result. The one which preppy 
according to Newton not only does the sun attract: the 
earth, and the earth attract the sun, as whole, but every 
particle of the sun attracts every particle of the earth, 
and the reveree. His conclusion was, that the attraction 
of the mases was simply the eum of the attractions of 
their constituent particles. 

‘This result seems so obvious that you will perhaps 
wonder at my dwelling upon it; but it really marks a 
turning point in our notions of force. You have probably 


of atoms and moloculos, which found its consummation in 
this city of Manchester at, the hands of the immortal John 
Dalton. Now, the grand old Pagans whom I have named, 
and their followers, up to the time of Newton, had pletured 
their atoms as falling and flying through space, hitting 
each other, and clinging tagether by imaginary hooks and 
claws. They entirely missed the central idea that the 
atoms and molecules. could come together, not by being 
fortuitously knocked against each other, but by their own 
mutual attractions, This is one of the great steps taken 
by Newton. He fumiliarised the world with the eancep~ 
tion of molecular force. 

In the case of electricity and magnetiom, a double exex- 


* Soo pp. 898, 307, 398. ’ 
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were examples of whet are called polar forces ; and in 
the case of magnetism, experience itself pushed the mind 
irresistibly beyond the bounds of experience, compelling 
it to conclude that the polarity of the magnet was resi- 
dent in its molecules. I hold a strip of steel by its centre, 
between my finger and thumb. One half of the strip 
attracts, and the other half repels, the north end of a 
magnetic needle. I break the strip in the middle, and 
what occurs? The middle point or equator of the mag- 
net has shifted to the centre of the new strip. This 
half, which 2 moment ago attracted throughout its entire 
length the north pole of a magnetic needle, is now 
divided into two new halves, one of which wholly attracts, 
and the other of which wholly repels, the north pole of 
the needle. Thus the half, when broken off, proves to be 
as perfect a magnet as the whole. You may break this 
half, and go on till further breaking becomes impossible 
through the very smallness of the fragments; still you 
find at the end that the smallest fragment is endowed 
with two poles, and is, therefore, a perfect magnet. But 
you cannot stop here: you imagine where you cannot 
experiment; and reach the conclusion entertained by all 
scientific men, that the magnet which you can see and 
feel is an assemblage of molecular magnets which you 
cannot see and feel, but which must be intellectually 
discerned. 

In this power of ideal extension consists for the most 
part the difference between great and mediocre investi- 
gators. The man who cannot break the bounds of expe- 
rience, but holds on to the region of sensible facts, may 
be an excellent observer, but he is no philosopher, and 
can never reach those principles which render the facts 
of science organic. True, the speculative faculty may be 
abused like all good things, but it is not men of science 
that are most likely to abuse it. When, more than 
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arrange themselves in a singular manner. Polar force is 
here in action, and every particle of the iron responds to 
that force. The consequence is a certain structural 
arrangement, a kind of architectural effort—if I may use 
the term—on the part of the iron filings. Here is a fact 
of experience which, as you will see immediately, furnishes 
further material for the mind to operate upon, rendering 
it possible to attain intellectual clearness and repose, while 
speculating upon apparently remote phenomena. 

You cannot enter a quarry and scrutinise the texture 
of the rocks without seeing that it is not perfectly homo- 
geneous. If the quarry be of granite, you find the rocks 
to be an agglomeration of crystals of quartz, mica, and 
felepar. If the rocks be sedimentary, you find them, for 
the most part, composed of crystalline particles derived 
from older rocks. If the quarry be marble, you find the 
fracture of the rocks to be what is called crystalline 
fracture. These crystals are, in fact, everywhere. If 
you break a sugar-loaf, you find the surface of fracture 
to be composed of small, shining, crystalline surfaces. 
In the fracture of cast iron you notice the same thing; 
and next to his great object of squeezing out the en- 
tangled gas from his molten metal, another object of your 
celebrated townsman, Sir Joseph Whitworth, when he 
subsequently kneads his masses of white-hot steel, as if 
they were so much dough, is to abolish this crystalline 
structure. The shining surfaces observed in the case of 
crystalline fracture are surfaces of weak cohesion; and 
when you come to examine large and well-developed 
crystals, you soon learn why they are go. With the 
edge of my knife I try, in various directions, the crystal 
of sugar, referred to at the beginning of this lecture, 
and find it obdurate; but I at length come upon a direc- 
tion in which it splits cleanly before the knife, revealing 
two shining surfaces of cleavage. Such surfaces are seen 








‘eylindor, and light immediately flashes out upon the 
screen, Now, if you imagine the mud of slate rocks to 
have been thus acted on, so as to place its particles with 
their lengths in a common direction, such elongated and 
fist particles would, when solidified, certainly produce a 
cleavage. 

Here we have a sample of the fading photograph’; 
for, plausible as this is, it is not the proper explanation, 
the cleavage of the slate rocks being demonstrably not 
erystalline, but, as shown by Sharpe, Sorby, Haughton, 
‘and myself, due to pressure. 

‘The outward forms of crystals are various and beautiful. 
‘A quartz-crystal, for example, is a six-sided prism, capped 
at each end by six-sided pyramids. Rock-salt, with 
which your neighbours in Cheshire are so well acquainted, 
erystallises in cubes; and it can be cloven into cubes 
until you cease to be able to cleave further for the 
very smallness of the masses. Rock-salt is thus proved 
to have three planes of cleavage, at right angles to each 
other. Toclund spar has also three planes of cleavage, 
but they are oblique instead of rectangular, the crystal 
‘boing, therefore, a rhomb instead of a cube. Various orys 
tals, moreover, cloave with different. facilities in different 
dircotions. A plane of ‘principal cleavago’ exists in these 
erystals, and it is accompanied by other plancs, sometimes: 
‘of equal, sometimes of unequal, valne as regards ease of 
eleavage. Heavy spur, for example, cleaves into prisms, 
with a rhombus or diamond-shaped figure for base. Tt 
‘eleaves with greatest ease across the axis of the prism, 
the other two cleavages having equal values. Selenite 
cleaves with extreme facility in one direction, and with 
‘apequal facilities in two other directions, 

Looking at these beautiful edifices nnd their internal 
ptructure, the pondering mind has forcod upon it the ques- 
tion, How have these erystals been built up? What is 
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we see expanding liquid flowers, each with six petals, and 
‘a central vacuous spot. ‘They grow larger and. larger, 
assuming, as they do so, beautifully crimped borders; and 
showing, if I might use such terms, the pains, and skill, 
and exquisite sense of the beautiful, displayed by nature 
in the formation of a common block of ice. 

Hero we have before us a process of demolition, which 
clearly revealz the reverse process of erection. I wish, 
however, to show you the molecules in the act of following: 
their architectural instincts, and building themselves 
together. You know how alum, and nitro, and sugar erya~ 
tals are formed. The substance to be crystallised is 
dissolved in a Liquid, and the liquid, is permitted to evapo 


rate. The solution soon becomes supersaturated, for none 


of the solid is carried away by evaporation; and then the 
molecules, no longer able to enjoy the frecdom of liquidity, 
clove up together and form crystals. My object now fs to 
make this process rapid enough to enable you to see it, 
and still not too rapid to be followed by the eye. For 
this purpose a powerful solar microscope and an intense 
source of light are needed. ‘They are bath here. Pouring 
over a clean plate of glass a solution of sal-ammoniac, and 
placing the glass on its edge, the excess of the liquid flows 
away, but a film clings to the glass. ‘Tho beam employed 
to illuminate this film hastens its evaporation, and brings 
it rapidly into a state of supersaturation; and now you ree 
the orderly progress of the crystallieation over the entire 
screen. You may produce something similar to thie if 
you breathe upon the frost, ferns which overspread your 
window-panes in winter, and permit the Hquid to re 
crystallise, It runs, as if alive, into the most beautiful 
forms. 

Tn this case the erystallising force is hampered by the 
adhesion of the liquid to the glass; nevertheless the play 
of power is strikingly beautiful. In the next example our 


S| 





CRYSTALS AND MOLECULAR FORCE. 877 


an agent to wrest the lead and the silver from the acids 
with which they were combined. A similar agent is 
required in the vegetable world. The solid matter of 
our metallic trees was, in the first instance, disguised in a 
transparent liquid; the solid matter of our woods and 
foresta is also, for the most part, disguised in a transparent 
gas, formed by the union of carbon and oxygen, and 
diffused in small quantities in the atmosphere. Subjected 
to an action somewhat analogous to that of the electric 
current, in the case of our lead and silver solutions, this 
gas has its carbon liberated and deposited as woody fibre. 
‘The aqueous vapour of the air, subjected to a similar 
action, has its hydrogen liberated from its oxygen, the 
former, like the carbon, entering the tissue of the tree. 
But what is it in nature that plays the part of the electric 
current in our experiments? The light-waves of the sun. 
The leaves of plants absorb both the carbonic acid and the 
aqueous vapour of the air. In the leaves, the solar rays 
decompose the acid and the water, permitting the oxygen, 
in both cases, to escape into the air, and allowing the 
carbon and the. hydrogen to follow the bent of their own 
structural forces. And just as the molecular attractions 
of the silver and the lead found expression in the pro- 
duction of those beautiful branching forms, seen in our 
experiments, so do the molecular attractions of the libe- 
rated carbon and hydrogen find expression in the architec- 
ture of grasses, plants, and trees. 


In the fall of a cataract and in the rush of the wind 
we have examples of mechanical power. In the combina- 
tions of chemistry, and in the formation of crystals and 
vegetables, we have examples of molecular power, which 
may be turned to mechanical account. As regards our 
store of the latter, the world may be divided into two 
Kinds of matter; or rather the matter of the world may 


We can get power out of oxygen and 

toad oh ole eaten, Raa age 
and when the motion consequent on their combiua- 
tion hns been expended, no further power can be got out 
of them, As dynamic agents they are dead. When we 
examine the materials of the earth’s crust, we find them 
consisting for the mort part of substances whose atoms 
have already closed in chemical union —whoee intial 


. italy anna 
stance, It és compoced of carbon, oxygen, and a metal 
called caleium. But the atoms of thoao substances closed 
Vagal ath es Ee a 
rest. 

Tu ithia iy wo: trig ht go forex the pn ee 
materials of the earth's crust, and satisfy ourselves that 
though they were sources of power in ages past, and 
before any being had appeared on the surface of the earth 
capable of turning their energies to account, they sre not 
sources of power now. And here we might halt for a 
moment to remark on that tendency, so prevalent in the 
world, to regard everything a made for human uses 


_— 











‘Those who entertain this notion hold, I think, an over 
‘weoning opinion of their own importance in the system of 
nature. Flowers bloomed before men eaw them, and the 

| quantity of onorgy wasted bofore man could utiliso ity it 
all but infinite compared with what now remains to be 
applied. We are truly heirs of all the ages; but, as 
honest, men, it behoves us to know the extent of our 
inheritance; and, as brave ones, not to whimper, if it 
thould prove to be less than we supposed. Inordinate 
elaima and expectations are not necessary to the moulding 
of healthy, happy, and patriotic men. Not with beggarly 
feur, or mutinous discontent, but rather with elation of 
tind, ought we to accept the brotherhood affirmed by the 
poet, when asked the use of the beautiful rhodora— 

‘Why thou wert there, 0 rival of the rose! 

Tnevor thought to ak, E never know, 

But in my simple ignorance suppose 

‘Tho self-same Power that brought me here bronght you,’ 

A few exceptions to the general state of union of the 
particles of the earth's crust—vast, in relation to us, but 
trivial in comparison to the total store of which they are 
the residue—still remain. They constitute our main 
sources of motive powers By far the most important of 
these are our beds of coal. Distance still intervenes 
between the atoms of carbon and those of atmospheric 
oxygen, across which the atoms may be urged by their 
mutual attractions; and we can utilise the motion thus 
produced, Once the carbon and the oxygen have rushed 
together, so as to form carbonic acid, their mutual attrace 
tions are satisfied; und, while they continue in this con« 
dition, as dynamic agents they are dead. A pound of 
coal produces by its combination with oxygen an amount 
of heat which, if mechanically applied, would raise a 
weight of a ton to a height of about a mile above the 

' Emorron, 
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perform work, and so can a man; but this work is at 
bottom the molecular work of the elements of the food and 


properly turned to account by the wonderful mechanism of 
the body, becomes muscular motion. — 
‘Wherever work is done by heat, heat disappears. The 
quantity of heat, communicated to the boiler of a working 
steam-engine is greater than that obtainable from the 
recondensition of the steam after it has done its work; 
and the amount of work performed is the exact equivalent 
of the missing amount of heat, One fundamental thought 
pee aaa ‘statemonts: there is one tap root from 
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the expenditure of other power; that neither in the plant 
nor in the animal is there a creation of force or motion. 
‘Trees grow, and so do men aud horsea; and here we have 
new power incessantly introduced upon the earth. But 
‘its source, as I have already stated, is the sun. For it 
is the son that separates the carbon from the oxygen of 
the carbonic acid, and enables them to recombine, And 
whether they recombine in the furnace of the steam- 
engine, or in the animal body, the origin of their power is 
the same. In this sense we are all ‘souls of fire and © 
ebildren of the sun ;’ but, as remarked by Helmholt, we 
must be content to share our celestial pedigree with the 
meanest of living things. 

T look to a still remoter brotherhood; but weare here 
upon the edge of a battlefield which I do not intend to 
enter to-night; from which, indeed, I have just escaped 
Despattered and begrimed, but without much loss of heart 
‘or hope. It only remains for me to briefly indicate the 
position of the opposing hosts, From the processes of erys- 
tallisation which you have just seen, you may pass by 
alinost imperceptible gradations to the lowest vegetable 
organisms, and from these through higher ones up to the 
highest. The conflict referred to is: that whereas one 
‘eliss of thinkers regard the observed advance from the 
erystalline, through the vegetable and animal worlds, as 
aa unbroken process of natural growth, thus grasping 
the world, inorganic and organic, a4 one vast and indis- 
solubly connected whole; the other class suppose that the 
passage from the inorganic to the organic required a dis- 
tinct creative act, and that to produce the different forms 
of organisms, both in the world of fossils and in the world 
‘of living things, separate creative acts were also needed. 

Which ure right and which are wrong is, I submit, 
® problem for reasonable and grave discussion, and not 
for anger and hard names. The question cannot be solved 











From the ‘ Times’ of November 9, 1874. 


In Medicine, as elsewhere, knowledge grows and consolidates 
through the conflict and sifting of opinions and evidences, With 
regard to the great class of disenses kuown as epidemics, which 
flourish through the transfar from placa to plues, and from 
person to person, of'a something which continues to exist through 
fts own powers of reproduction, physicians hnve long boon 
divided in their notions, And with regard to the title of cer 
tain diseases to bo ranked as epidemic, the opinions of the 
modical world have been equally divided. On this last question 
sore especially, thooretic notions may be of tho last importance, 
for they more or less determine the physician's practice, and 
have, therefore, a direct bearing upon the lives committed to his 
can, 


On hardly ony point of medical theory, and the practice 
flowing from it, has this division of opinioa been more distinet 
than on the question of typhoid fever. Tho pith of the con 
trovorsy ja this: Can typhoid fever be generated anow? Tx it 
preduced by the decomposition and putrofaction of animal and 

| vegetable substances, or must the matter producing it have had 
previous contact with an infected body? In other words, forevery 

| mowesse of typhoid fover may we with cortuinty infor a pros 
| existing case, of which the new one is merely the propagation or 
| continuation ; or ate wo ontitled to conclude that organic matter, 
which has never been in contact with » typhoid patient, is, in 

Yirtuo of its own decomporition, capable of starting the foyer 

anew? When wo consider that this pest sends 15,000 of the 
inbobitants of there islands yoarly to the grave, and causes 
150,000 to past through its protracted miseries, the question 
here atated assumes the very gravest importance, because our 
relation to it must determine our mode of attack upon this enemy 

of mankind. 


las 
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“Thnt élement at length camo, and formed a 
from which its further progress might be securely followed. On 
Tuly 11, 1839, a cago of typhoid fever, doubtlee imported. from 
Without, occurred in m poor and crowded dwelling, and before 
‘the ond of November cighty of the inhabitants bad wuffored 
from it; a proportion about the same as that now suffering at 


and he is asked to weigh the answer which ficts 
‘oturn to this question. Two mwyers living near the stricken 
“house at North Tawton, fell ill, and quitted the for their 
‘own homes at Marchard, where no previous case of typhoid 
fever had been, In two days one of these men took to his bed, 
‘and at the end of five weeks he died. Ten days after hia death, 
his two childrea were laid up with the fever, The other sawyer 
aly took to hia bed, and when at the worst « friend from a 
‘distance came to sev him, sod assisted to raise him in bed, On 
the tenth day after, this friend waa seized with the fover, 
Before ie became convalescent, two of his children were struck 
down, and his brother, who lived at a distance, but who came 
t0 8e6 him, also fell a victim. Was this series of events the 
result of chance, or was it the work of contagion? Let ua 
purse the inquiry farther. On August 20, Mra Leo bogan 
‘to droop at North Tawton, ond, not knowing what was impend~ 
‘ing, she visited her brother at Chaffoombe, seven miles off. She 
“Was smitten with the fever, and before she became convalescent, 
“her sister-in-law, Mr. Snell, who had nursed her, was attacked 
and died wubsequently. Then came Mr, Snell, then ous of the 
‘farm wpprentices, then a dry-lnbouror, then » Miss Snell, who 
“Had come'to tke charge of the house after Mra. Snell's deuth ; 
end; finally, o group consisting of a servant man, a soryant gitl, 
“und another young person who had actod ax nurse. 
‘The case here submitted to the reader ia not one of medical 
but of common evidence, which doos not even require a 
‘trained scientific mind to weigh it, Let us proceed. A boy 
who had been smitten at Chaffeombe went to hia mothor's 
‘cottage betweea Bow and North Tawton. Before he recovered, 
hie mother, who had nursed him, sickened and died, Two 
children of the family next docr were next attacked, then the 
‘sister of the boy who had carried the infection from Chaffeombe. 
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think, impossible for any intelligent reader, and I should sy 
certainly imposible for any man trained to scientific reasoning, 
to quit Dr. Budd's volume without closing with his conclusion, 
that the living human body is the soil in which the specific poison 
of typhoid fever breeds and multiplies. 

What ie the sent of the poison? Dr. Budd is too cautious 
to shut out the possibility of infection by any of the emanations 
from a person suffering from the disoare, But ita special and 
almost exclusive locus is the diseased intestine, He giver 
drawings and photographs of the bowel at varioua stages of the 
Gisease; and it is hardly possible to look on these without: 
to the conclusion that the whole interior surface of the bowela 
ia tho scat of an eruption. The pustules or protuberant patehos, 
called ‘Peyer's patches,’ thicken and stand out in relief from the 
surface of the gut. They focl, to use the words of Chomel, as if 

® solid and elastic substance had been inserted between the 
I elckitin tkenioe rele, when a patch is cut through, ite 
textitre is seen to be occupied by a yellowish-white cheewe-like 
‘mattor, ‘This is the peculiar typhoid mattar ” whose proeonce 
in typical of the discase, and whose formation and elimination 
constitute the essence of the intestinal process” Louis has mado 
‘careful observations as to the duration of the alvine 
which accompanies typhoid fever, and finds it to be in mild 
couwex 15, and) in severe cases 25 days. Ror thia pariod, there= 
fareyevery individual smitten at Over Darwen has boon flooding 
tho-undrained ground with the poison of this contagions faver. 
‘It reaches the drinking water; it partially dries and floats in the 
ir; it rixos mechanically with the gus-bubbles issuing from em 
rere ad peallickisirrspe Eke aaa sa 
community. 

How could a disease whose characteristics are 80 wre 
demonstrable have evor been imagined to be 
How could such a doctrine be followed out, as it poset 
the destruction of human life? Mainly becauso practice in 
cities, where the greatest medical authorities reside, was direotly 
caleulnted to throw the physician off the sont, ‘The tant of the 
iseweo being the intestine, with well-appointed water-clasets 
it is not in the sick-room that the mischief is done, but often at 
# distance from tho sick-room, through the agency of the sewer, 
which Budd graphically describes as ‘a direct continuation of 
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to an action which illustrates this perfect parallelism with the 
phenomena of life—this demonstrated power of self-multiplication 
and reproduction.’! It was the clear and powerful writings of 
William Budd, joined to those of the illustrious Pasteur, that 
won me to these views, It is partly with a view of stamping 
at a receptive moment salutary truths upon the public mind, but 
partly, also, through the desire of rendering justice to a noble 
intellect, which bas been literally morificed to the public good, 
that I draw attention, not only to the masterly combination of 
observation and inference exhibited from beginning to end of 
Dr. Budd’s volume, but also to tHe crowning fact, already pub- 
lished in the medical journals, and to which my attention was 
first drawn by my eminent friend Mr. Simon, that Dr. Klein 
has recently discovered the very organism which lies at the root 
of all the mischief, and to the destruction of which medical and 
sanitary skill will henceforth be directed.* 
am, Bir, 
‘Your obedient servant, 
Joux TYNDALL. 


Borat Lwerrrotion : Nov. 6. 


" It was the considerations herementioned that swayed me at the outset ; 
it in they that most powerfally influence my convictions still. And they 
‘would remain if the causal relation between recently discovered organisms 
and epidemic disease were disproved to-morrow.—J. T., March 1876. 

* Dr. Murchison gavo this brief reforence to Dr. Klein considerable 
prominence in his remarks before the Pathological Society on May 4, 1875, 
He did not grapple with the arguments of Dr. Budd, nor attempt to show 
why, when every condition laid down by himself for the production of 
typhoid fever is present, the fover fails to be produced. See p. [36 
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